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SCIENTIFIC OPINION 
Scientific Opinion on the risk to plant health posed by Burkholderia caryophylli for the EU 
territory with the identification and evaluation of risk reduction options
1 
EFSA Panel on Plant Health (PLH)
2,3 
European Food Safety Authority (EFSA), Parma, Italy 
ABSTRACT 
The EFSA Panel on Plant Health conducted a pest risk assessment for Burkholderia caryophylli for the EU 
territory under the scenario of current EU legislation and identified and evaluated risk reduction options. B. 
caryophylli is absent from the EU territory. The host range of B. caryophylli includes the genus Dianthus and 
three other incidental, minor, hosts (statice, lisianthus and gypsophila). Seven entry pathways were identified, 
with carnation cuttings and cut flowers being the most frequently traded. All pathways were considered unlikely 
as the pathogen is rarely associated with the pathways at origin mostly because of the high phytosanitary quality 
of the plant propagation material. The establishment is unlikely because outdoors the environmental conditions 
are not favourable to the pathogen and alternative hosts are not present, whereas in protected crops the cultural 
practices are very effective to keep the crop free from this bacterium. Only very short-distance spread within a 
crop is likely, and spread between different crops is unlikely. Risk reduction options addressing the sanitary 
status of the propagation material have the best effectiveness and feasibility. Effective control measures are 
based on healthy propagation materials (cuttings) and hygiene practices. With the existing certification scheme 
of carnation plant propagation material, the probability of spread through infected cuttings is largely reduced. 
The high effectiveness of current measures is ensured by the absence of B. caryophylli in the EU, as in recent 
decades no findings of B. caryophylli have been reported. B. caryophylli is reported to be present in some third 
countries in Asia, where it still causes high crop losses. If the current regulation were to be removed, major 
consequences  or changes in the potential impact of  B. caryophylli are expected if no voluntary certification 
scheme were applied, together with good sanitation standards, along the crop production chain.  
© European Food Safety Authority, 2013 
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SUMMARY 
Following a request from European Commission, the Panel on Plant Health was asked to deliver a 
scientific opinion on the pest risk of Pseudomonas (Burkholderia) caryophylli (renamed Burkholderia 
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Trond Rafoss, Vittorio Rossi, Jan Schans, Gritta Schrader, Gregor Urek, Johan Coert van Lenteren, Irene Vloutoglou, 
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der Wolf for the preparatory work on this scientific opinion and the hearing experts: EFSA staff: Gabor Hollo, Giuseppe 
Stancanelli and Olaf Mosbach-Schultz for the support provided to this scientific opinion. 
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caryophylli in 1993 (Yabuuchi et al., 1993), for the EU territory, to identify risk management options 
and to  evaluate their effectiveness in reducing the risk to plant health posed by the  organism.  In 
particular,  the  Panel  was  asked  to  provide  an  opinion  on  the  effectiveness  of  the  present  EU 
requirements against this organism, which are laid down in Council Directive 2000/29/EC, in reducing 
the risk of introduction of this pest into, and its spread within, the EU territory. 
The  Panel  conducted  the  risk  assessment  following  the  general  principles  of  the  ―Guidance  on  a 
harmonized  framework  for  pest  risk  assessment  and  the  identification  and  evaluation  of  pest  risk 
management options‖ (EFSA Panel on Plant Health (PLH), 2010) and of the ―Guidance on evaluation 
of  risk  reduction  options‖  (EFSA  Panel  on  Plant  Health  (PLH),  2012).  Given  the  fact  that 
B. caryophylli (as well as all other harmful organisms listed in Annex II/A/II of Directive 2000/29/EC) 
has been regulated in the EU for many years, the Panel conducted the risk assessment considering the 
scenario of the current EU plant health legislation. 
B. caryophylli is a single taxonomic species that can be adequately distinguished from other entities of 
the same genus. B. caryophylli could present a risk to the risk assessment area, as it is absent and has 
potential for establishment and causing consequences in the risk assessment area. 
After consideration of the evidence, the Panel reached the following conclusions: 
With regard to the assessment of the risk to plant health of B. caryophylli for the EU territory: 
Under the scenario of the implementation of current phytosanitary measures, the conclusions of the 
pest risk assessment are as follows: 
Entry 
The likelihood of entry is assessed as very low to low because: 
  Owing to the strict sanitation procedures to be followed during production and certification of 
plants  for  planting  (special  requirements  listed  in  Annex  IV  of  Directive  2000/29/EC;  EPPO, 
2002), the probability for the pathogen being associated with the pathway at origin is very low and 
therefore entry into the risk assessment area with plant propagation material is very unlikely to 
unlikely. 
  Entry through the pathway of imported cut flowers and potted plants (Dianthus and other host 
plants) is unlikely, because these plants and plant parts are not used for propagation purposes but 
are produced almost exclusively for sale to the final consumers. In addition, it is unlikely that 
B. caryophylli  would  survive  the  waste  management  process  owing  to  its  biological 
characteristics. 
  Entry through the sphagnum peat pathway is also very unlikely, because there is no evidence in 
the literature that the bacteria associated with this matrix are truly phytopathogenic to carnation or 
other crops and there is no evidence of sphagnum peat import from areas where B. caryophylli is 
reported in this material. 
There is, in general, low uncertainty on the assessment of the probability of entry. The only exception 
is in the case of the sphagnum peat pathway, for which the uncertainty is medium because of the lack 
of pathogenicity studies on B. caryophylli isolates from sphagnum peat, the lack of information on the 
import of this commodity from countries where this pathogen has been found in sphagnum and, in 
general, the lack of specific studies. 
Establishment 
The likelihood of establishment is assessed as low because: 
  In open fields, the environmental conditions are not favourable to the pathogen and alternative 
hosts are, in general, not present. Burkholderia caryophylli pest risk assessment  
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  In protected crops, although the environmental conditions are more favourable to the pathogen, 
current cultural practices and general control measures are very effective to keep the crop free 
from possible establishment of the bacterium. 
Uncertainty on the probability of establishment is rated as medium to low. Information is still missing 
on the actual situation of carnation cultivation in Japan, the country where the disease appears to be an 
important threat to carnation production. Also, there is no information on pathogenicity to carnation or 
other host plants of strains from sphagnum peat bogs identified as B. caryophylli. 
Spread 
Despite  the  possibility  of  latent  infection  of  plants  and/or  cuttings,  which  is  the  recognised  key 
pathway for the spread of this disease, the likelihood of spread is assessed as very low because: 
  Natural dispersal in the soil is very limited, as the pathogen may spread in carnation crops for cut 
flower production only over very short distances, from plant to plant, as a result of handling plants 
or from water splashes. 
  There are no reports of outbreaks or spread of this disease in the EU in recent decades.  
  Certification schemes and sanitation procedures are in place in the EU during the production of 
propagation material.  
  Plant  passporting  for  EU-produced  material  and  surveys  in  EU  production  sites  are  effective 
phytosanitary measures. 
 
Uncertainty on the probability of spread is at this moment rated as medium. The role of wild Dianthus 
spp. or other weeds present in the pest risk analysis (PRA) area as a reservoir for the pathogen has not 
been  investigated. Information is  missing  on the  causes  of frequent  disease  outbreaks  in Japanese 
carnation cultivation areas. No data are available in the literature on the role of insects as potential 
vectors of the pathogen. Also, it is not known whether and to what extent unauthorised propagation of 
carnation varieties outside the circuit of registered nurseries, and therefore outside the certification and 
plant passport schemes, occurs. 
Endangered areas 
Wherever  there  are  areas  suited  for  carnation  production  as  a protected  crop,  those  areas  can  be 
considered endangered. Areas with outdoors carnation crops are not considered at risk, although there 
are uncertainties owing to the lack of recent surveys and data from Japan, where B. caryophylli still 
seems to cause problems. 
Consequences 
In the EU, no crop losses and no additional costs due to B. caryophylli have been reported in the last 
25 years; therefore, the impact under current phytosanitary measures is considered as minimal. 
In the absence of specific phytosanitary measures, the impact is expected to be minor to moderate. In 
the absence of any control measure (no certification, no sanitation and poor hygiene in production 
sites), the impact expected would be major. 
There  are  no  indications  of  environmental  consequences  associated  with  B. caryophylli  within  its 
current area of  distribution.  The control  of B. caryophylli has minimal impact on the surrounding 
environment, biodiversity of other (host) plants or soil. 
The uncertainty of the consequences is low, as historically no outbreaks of this bacterial disease have 
been reported in Europe since 1987. Burkholderia caryophylli pest risk assessment  
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With  regard  to  the  risk  reduction  options,  the  Panel  evaluated  the  phytosanitary  measures 
formulated in Council Directive 2000/29/EC and identified additional risk reduction options where 
relevant. 
The risk reduction options identified as associating the best effectiveness and feasibility are those 
addressing the sanitary status of the propagation material. 
The Panel considers that the current EU phytosanitary measures for B. caryophylli in carnation plants 
for planting (Directive 2000/29/EC, Annex IV A and  Annex II, Part A, sections I and II) can be 
evaluated  as  having  an  overall  high  effectiveness.  This  analysis  is  supported  by  the  fact  that  the 
disease has not been reported within carnation crops in the EU for several decades. However, the 
uncertainty is medium, as it is difficult to separate the effect of current quarantine regulations from the 
effects of the certification schemes and related hygiene and cropping practices. 
Several weaknesses or loopholes in the current measures were identified during the present analysis. 
These  concern  the  quality  standards  (mother  plants  tested  only  once  in  two  years,  entailing 
recontamination risks); the fact that it is not clear which kind of mother plants should be analysed, nor 
at which stage of production or to what extent; the methods used to implement the measures (e.g., the 
reliance on unreliable visual inspection to control imports); and the fact that non-carnation hosts of 
B. caryophylli  are  not  addressed.  However,  since  the  occurrence  of  this  disease  has  been  rarely 
reported in these other crops, which are commonly propagated by seed, the Panel considers that the 
extension of current measures to statice, lisianthus and gypsophila would not result in a significant 
reduction of risk. 
The implementation of several risk reduction options could be envisaged in order to make the current 
measures more effective by closing these loopholes. This would entail tightening the EU requirements 
by supplementing  visual  inspection  with a  measure  of sampling and testing  of  mother plants and 
imported cuttings originating from third countries where the disease occurs. These measures would 
further  improve  the  effectiveness  of  the  current  regulation.  The  high  effectiveness  of  the  current 
measures  and  the  cultivation  of  carnation  under  protected  cropping  systems  with  high  sanitation 
standards already limit (but do not exclude) the contamination risk from other carnation crops. 
B. caryophylli is reported to be present in third countries in Asia, where it still causes high crop losses. 
If the current EU phytosanitary requirements were to be removed and not replaced by a voluntary 
certification including absence of B. caryophylli, a return to a high prevalence of B. caryophylli in 
carnation crops is expected, with ensuing detrimental effects, particularly if plant propagation material 
is imported from the areas of current distribution of B. caryophylli in Asia. 
In contrast, no major consequences or changes in the potential impact of B. caryophylli would be 
expected  if  the  current  EU  phytosanitary  requirements  were  to  be  removed  but  a  voluntary 
certification scheme including additional testing for B. caryophylli were to be used (EPPO, 2002, and 
2006), together with the current strict hygiene practices, in propagation sites (Accati and Garibaldi, 
1974; Fletcher, 1984). Uncertainties on this assessment are, however, medium, owing to the lack of 
information  on  the  extent  of  application  of  certification  schemes  for  carnation  plant  propagation 
material outside the EU. 
   Burkholderia caryophylli pest risk assessment  
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 
The current European Union plant health regime is established by Council Directive 2000/29/EC on 
protective measures against the introduction into the Community of organisms harmful to plants or 
plant products and against their spread within the Community (OJ L 169, 10.7.2000, p. l). 
The Directive lays down, amongst others, the technical phytosanitary provisions to be met by plants 
and plant products and the control checks to be carried out at the place of origin on plants and plant 
products destined for the Union or to be moved within the Union, the list of harmful organisms whose 
introduction into or spread within the Union is prohibited and the control measures to be carried out at 
the outer border of the Union on arrival of plants and plant products. 
Liriomyza  trifolii  (Burgess),  Liriomyza  huidobrensis  (Blanchard),  Erwinia  chrysanthemi  pv. 
dianthicola  (Hellmers)  Dickey,  Pseudomonas  caryophylli  (Burkholder)  Starr  and  Burkholder, 
Phialophora cinerescens (Wollenweber) van Beyma, Puccinia horiana Hennings, Scirrhia pini Funk 
and Parker, and Chrysanthemum stunt viroid are regulated harmful organisms in the EU. They are all 
listed in Annex II, Par A, Section II of Council Directive 2000/29/EC, which means that they are 
organisms known to occur in the EU and whose introduction into and spread within the EU is banned 
if they are found present on certain plants or plant products. 
Given the fact that these organisms are already locally present in the EU territory and that they are 
regulated in the EU since a long time, it is considered to be appropriate to evaluate whether these 
organisms  still  deserve  to  remain  regulated  under  Council  Directive  2000/29/EC,  or  whether,  if 
appropriate, they should be regulated in the context of the marketing of plant propagation material, or 
be deregulated. In order to carry out this evaluation a recent pest risk analysis is needed which takes 
into account the latest scientific and technical knowledge on these organisms, including data on their 
agronomic and environmental impact, as well as their present distribution in the EU territory. 
The revision of the regulatory status of these organisms is also in line with the outcome of the recent 
evaluation of the EU Plant Health Regime, which called for a modernisation of the system through 
more focus on prevention and better risk targeting (prioritisation). 
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 
EFSA is requested, pursuant to Article 29(1) and Article 22(5) of Regulation (EC) No 178/2002, to 
provide a pest risk assessment of, Liriomyza trifolii (Burgess), Liriomyza huidobrensis (Blanchard), 
Erwinia  chrysanthemi  pv.  dianthicola  (Hellmers)  Dickey,  Pseudomonas  caryophylli  (Burkholder) 
Starr  and  Burkholder,  Phialophora  cinerescens  (Wollenweber)  van  Beyma,  Puccinia  horiana 
Hennings, Scirrhia pini Funk and Parker, and Chrysanthemum stunt viroid, for the EU territory. 
For  each  organism  EFSA  is  asked  to  identify  risk  management  options  and  to  evaluate  their 
effectiveness in reducing the risk to plant health posed by the organism. EFSA is also requested to 
provide  an  opinion  on  the  effectiveness  of  the  present  EU  requirements  against  those  organisms, 
which are laid down in Council Directive 2000/29/EC, in reducing the risk of introduction of these 
pests into, and their spread within, the EU territory. 
Even though a full risk assessment is requested for each organism, in order to target its level of detail 
to the needs of the risk manager, and thereby to rationalise the resources used for its preparation and to 
speed up its delivery, EFSA is requested to concentrate in particular on the analysis of the present 
spread of the organism in comparison with the endangered area, the analysis of the observed and 
potential  impacts  of  the  organism  as  well  as  the  availability  of  effective  and  sustainable  control 
methods. Burkholderia caryophylli pest risk assessment  
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ASSESSMENT 
1.  Introduction 
1.1.  Purpose 
This document presents a pest risk analysis prepared by the EFSA Scientific Panel on Plant Health 
(hereinafter  referred  to  as  the  Panel)  for  Burkholderia  caryophylli  (Pseudomonas  caryophylli),  in 
response  to  a  request  from  the  European  Commission.  The  opinion  includes  identification  and 
evaluation of risk reduction options in terms of their effectiveness in reducing the risk posed by this 
organism.  
1.2.  Scope 
This risk assessment covers the bacterium Pseudomonas caryophylli, which has since been renamed 
Burkholderia  caryophylli  (Burkholder  1942)  Yabuuchi  et  al.  (1993).  The  primary  hosts  of  this 
pathogen are cultivated plants for ornamental purposes. 
The pest risk assessment area is the territory of the European Union (hereinafter referred to as the EU) 
restricted to the area of application of Council Directive 2000/29/EC. 
2.  Methodology and data 
2.1.  Methodology 
2.1.1.  The guidance documents 
The  risk  assessment  has  been  conducted  in  line  with  the  principles  described  in  the  document 
―Guidance on a harmonised framework for pest risk assessment and the identification and evaluation 
of pest risk management options‖ (EFSA Panel on Plant Health (PLH), 2010). The evaluation of risk 
reduction options has been conducted in line with the principles described in the above mentioned 
guidance (EFSA Panel on Plant Health (PLH), 2010), as well as with the ―Guidance on methodology 
for  evaluation  of  the  effectiveness  of  options  to  reduce  the  risk  of  introduction  and  spread  of 
organisms harmful to plant health in the EU territory‖ (EFSA Panel on Plant Health (PLH), 2012).  
In order to follow the principle of transparency as described under Paragraph 3.1 of the Guidance 
document on the harmonised framework for risk assessment (EFSA Panel on Plant Health (PLH), 
2010)—―…Transparency requires that the scoring system to be used is described in advance. This 
includes the number of ratings, the description of each rating… the Panel recognises the need for 
further development…‖—the Plant Health Panel  has developed specifically for this  opinion rating 
descriptors to provide clear justification when a rating is given, which are presented in Appendix A of 
this opinion. 
When  expert  judgement  and/or  personal  communication  were  used,  justification  and  evidence  are 
provided to support the statements. Personal communications  have been  considered  only  when in 
written form and supported by evidence, and when other sources of information were not publicly 
available.  
2.1.2.  Methods used for conducting the risk assessment 
Given the fact that B. caryophylli (as well as all other harmful organisms listed in Annex II/A/II of 
Directive 2000/29/EC) is already locally present in the EU territory and has been regulated in the EU 
for a long time, the Panel conducted the risk assessment considering the EU plant health legislation 
currently in place.  
The assessment of the probability of entry was conducted with regard to further entry of B. caryophylli 
from third countries into the pest risk assessment area, i.e., the EU, whereas the assessment of the Burkholderia caryophylli pest risk assessment  
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probability  of  spread  was  conducted  with  regard  to  further  spread  of  B. caryophylli  within  and 
between EU Member States (MSs).  
When assessing the probabilities of establishment and spread and the potential consequences, the main 
host considered is carnation, since other reported host plants should be considered incidental or not 
reliable (see Section 3.1.1.5). 
The  conclusions  for  entry,  establishment,  spread  and  consequences  are  presented  separately.  The 
descriptors for qualitative ratings given for the probabilities of entry, establishment and spread and for 
the assessment of consequences are shown in Appendix A. 
2.1.3.  Methods used for evaluating the risk reduction options 
The  Panel  identified  potential  risk  reduction  options  and  evaluated  them  with  respect  to  their 
effectiveness and technical feasibility, i.e., consideration of technical aspects which influence their 
practical application. The evaluation of effective of risk reduction options in terms of the potential 
cost-effectiveness  of  measures  and  their  implementation  is  not  within  the  scope  of  the  Panel 
evaluation. 
2.1.4.  Level of uncertainty 
For the risk assessment conclusions on entry, establishment, spread and impact and for the evaluation 
of the effectiveness of the risk reduction options, the levels of uncertainty have been rated separately. 
The descriptors for qualitative ratings given for the level of uncertainty are shown in Appendix A. 
2.2.  Data  
2.2.1.  Data collection 
In order to collect additional data and information on the status of B. caryophylli and the phytosanitary 
measures applied in the 27 EU MSs, a questionnaire was sent to the MS National Plant Protection 
Organisations  (NPPOs).  The  questionnaire  structure  and  a  summary  of  the  NPPOs‘  replies  are 
presented in Appendix B. 
Data and  information  on the production  in Europe of plant propagation  material, cut flowers and 
potted plants of carnation were obtained through a hearing of technical experts from the ornamental 
industry (EFSA, in press). 
2.2.2.  Literature search 
An  extensive  literature  search  on  B. caryophylli  was  conducted  by  the  Food  and  Environment 
Research Agency (FERA), under a contract with EFSA. The extensive literature search was performed 
following the first three steps (preparation of protocols and questions, search, selection of studies) of 
the EFSA guidance  on systematic review  methodologies (EFSA, 2010). The  questions, the search 
strategy and the results of this extensive literature search are presented in Appendix C of this opinion. 
Further references and information were obtained from experts, and from citations within references 
found. 
Information on the status of B. caryophylli was extracted from the EPPO PQR database, from relevant 
scientific papers and from grey literature, found in the extensive literature search, and then discussed 
in view of the NPPOs replies to the EFSA questionnaire (see Section 3.1.3.2). Burkholderia caryophylli pest risk assessment  
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3.  Pest risk assessment 
3.1.  Pest categorisation 
3.1.1.  Identity of pest 
Burkholderia caryophylli is a single taxonomic entity that can be adequately distinguished from other 
entities of the same genus. 
3.1.2.  Taxonomic position and biological properties 
 
Name: Burkholderia caryophylli (Burkholder 1942) Yabuuchi et al. (1993). 
Synonyms  
Pseudomonas caryophylli (Burkholder, 1942) Starr & Burkholder, 1942 
Phytomonas caryophylli Burkholder 
Common name of the disease caused by the pathogen 
Bacterial wilt, bacterial stem crack (English)  
 
Domain:  Bacteria (Gracilicutes) 
Phylum:  Proteobacteria 
Class:  Betaproteobacteria 
Order:  Burkholderiales 
Family:  Burkholderiaceae 
Genus:  Burkholderia 
Species:  Burkholderia caryophylli 
Notes on taxonomy and nomenclature 
The name combination Burkholderia caryophylli was proposed without examination of the type strain 
of Pseudomonas caryophylli and therefore was not valid when first published. This oversight has been 
corrected in subsequent studies (Urakami et al., 1994; Gillis et al., 1995).  
Willems  and  Vandamme  (2003)  published  a  taxonomic  overview  of  the  phytopathogenic  ex-
Pseudomonas species of rRNA groups II and III. 
The  genus  Pseudomonas  was  thoroughly  revised  and  reorganised  on  the  basis  of  DNA:rRNA 
hybridisation. The  Pseudomonas species belonging to groups II and III  were reallocated  into four 
different genera: Acidovorax, Burkholderia, Ralstonia and Herbaspirillum. Based on the 16S rRNA 
sequences, DNA–DNA homology values, cellular lipid and fatty acid composition, and phenotypic 
characteristics, a new genus, Burkholderia, was originally proposed for the RNA homology group II 
of genus Pseudomonas. A review showing a recently updated phylogenetic tree, based on the 16S 
rRNA sequences of the recognised species of the Burkholderia genus (Figure 1) has been published 
(Suárez-Moreno et al., 2012). 
The  genus  Burkholderia  (Yabuuchi  et  al.,  1992)  was  created  through  the  transfer  of  the  former 
Pseudomonas  rRNA  homology  group  II.  Burkholderia  species  are  isolated  from  very  diverse 
ecological niches (Coenye and van Damme, 2003) and, to date, more than 30 species with validly 
published names have been reported, Burkholderia cepacia being the type species. 
Seven new genus–species combinations were proposed: Burkholderia cepacia (Palleroni and Holmes, 
1981), Burkholderia mallei (Zopf 1885), Burkholderia pseudomallei (Whitmore 1913), Burkholderia 
caryophylli (Burkholder 1942), Burkholderia gladioli (Severini 1913), Burkholderia pickettii (Ralston 
et  al.  1973)  and  Burkholderia  solanacearum  (Smith  1896)  (Yabuuchi  et  al.,  1992).  The  species Burkholderia caryophylli pest risk assessment  
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B. picketii and B. solanacearum were later transferred to the new genus Ralstonia (Yabuuchi et al., 
1995). 
 
Figure 1:   Phylogenetic tree, based on the 16S rRNA sequences of the recognised species of the 
Burkholderia genus (from Suarez-Moreno et al., 2012). Burkholderia caryophylli pest risk assessment  
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3.1.2.1.  Morphology 
B. caryophylli is a straight or slightly curved rod with rounded ends, occurring singly or in pairs; it is 
aerobic or microaerophilic, chemorganotrophic, non-sporing, motile with one or several polar flagella, 
Gram negative, non-fluorescent, sudanophilic, 0.35–0.95   1.05–3.18 μm. 
On potato dextrose agar (PDA) medium, colonies are round, smooth and shining with regular margins: 
while cream-coloured at first, colonies darken with age. On nutrient agar (NA), growth is slow and 
cells die rapidly; subculturing is not possible after about a week (EPPO, online). 
3.1.2.2.  Biology and life cycle 
Bacteria of the genus Burkholderia were shown to inhabit a wide range of ecological niches with 
diverse physiochemical characteristics (Coeyne and van Damme, 2003). Utilisation of a wide range of 
organic compounds as carbon and energy sources is characteristic of all burkholderias (Belova et al., 
2006).  The  genus  Burkholderia  includes  various  microorganisms  that  occupy  a  wide  range  of 
ecological niches, such as soil, water, rhizosphere and tissues of plants, and animal and human hosts 
(Stoyanova et al., 2007). The members of the genus have very different ecological and pathological 
behaviour, from saprophytic activity to plant growth-promoting features (Shaharoona et al., 2007); 
several species are causal agents of plant, animal and human diseases. Seven Burkholderia species are 
known  so  far  to  cause  plant  diseases:  B.  andropogonis,  B. caryophylli,  B.  cepacia,  B.  gladioli, 
B. glumae, B. plantarii and B. stizolobii (Willems and van Damme, 2003). 
The plant pathogen B. caryophylli is present in agricultural environments as a rhizospheric, associative 
diazotroph (Glagoleva et al., 1996). Like other Burkholderia species, isolates of B. caryophylli showed 
aminocyclopropane carboxylate (ACC) deaminase and chitinase activity and auxin production, thus 
supporting  its  role  as  a  plant  growth-promoting  bacterium  (PGPB)  in  agricultural  environments 
(Shaharoona et al., 2007). The origin of B. caryophylli has never been investigated. The disease was 
first found in Washington State (USA), in 1940, on greenhouse-cultivated carnations (Jones, 1941; 
Burkholder, 1942). 
The disease on carnation is soil borne: B. caryophylli may enter its host through wounds at the base of 
the plant, and subsequently colonises the vascular system of the stem and roots. Apart from soil, where 
the  bacterium  survives  in  the  rhizosphere  of  carnation,  the  primary  infection  sources  are  infected 
cuttings taken from mother plants with a latent infection. Bacteria can pass from one cutting to another 
in the water of the propagating bed or, if the cuttings are held in water, before planting out. The 
observed  slow,  scattered  spread  of  the  disease  in  carnation  production  sites  indicates  that  spread 
occurs only from one root system to another. Bacterial slime is exposed when stems crack, and this 
inoculum may be transferred from one plant to another. Temperatures over 20 °C accelerate bacterial 
growth and therefore symptom expression, while at lower temperatures infected plants may show no 
symptoms (Gullino and Garibaldi, 1997). Temperatures between 26 and 30 °C and high humidity are 
optimal  for  disease  development.  For  more  information,  see  Dowson  (1929),  Burkholder  (1942), 
Dimock (1950), Hellmers (1958), Dickey and Nelson (1963) and Garibaldi (1967). 
B. caryophylli , together with several other bacterial species, has been isolated from sphagnum peat in 
Russia  (Belova  et  al.,  2006).  The  role  of  peat  soil  used  in  ornamental  glasshouse  production 
worldwide, and possibly harbouring B. caryophylli, has never been investigated. Similarly, putative 
B. caryophylli isolates from peat soil or turf have never been tested for pathogenicity on carnation, for 
which verification by Koch‘s postulate is essential. 
3.1.2.3.  Detection and identification 
A standard protocol for the diagnosis of B. caryophylli was published by EPPO (2006). To make a 
reliable diagnosis, many old and young stems should be examined and samples taken from diseased 
tissue.  Microscopic  observation  of  stem  sections  shows  neoformations  around  infected  vessels, 
plugging of vessels, hyperlignification of their walls and necrosis. Since latent infections on cuttings Burkholderia caryophylli pest risk assessment  
 
EFSA Journal 2013; 11(1):3071  13 
cannot be readily detected, cuttings should be kept at a relatively high temperature to ensure maximum 
symptom  expression. The bacterium can be reliably  detected by immunofluorescence staining and 
direct isolation even in material with latent infection (Muratore et al., 1986; Minardi et al., 1988). 
Identification  of  B. caryophylli  can  also  be  achieved  using  fatty  acid  profiling  (Stead,  1992), 
B. caryophylli  has  been  identified  by  whole  cell  protein  profile  discrimination  (Li  and  Hayward, 
1994).  
A  biological  identification  system  and  a  genetic  fingerprint  is  obtained,  for  example,  by  BOX 
polymerase  chain  reaction  (BOX-PCR),  based  on  comparison  with  reference  strains  from 
Burkholderia (Lelliott and Stead, 1987; Richardson et al., 2002). 
Finally, B. caryophylli has also been detected from inoculated carnation by PCR and LAMP (loop-
mediated isothermal amplification) (Kazushi et al., 2005) using a toothpick to collect carnation stem 
cells to be tested. As the developed LAMP has not been tested for specificity and the primers and 
probes are based on a 16S rDNA sequence, it is unlikely that this detection method is specific for 
B. caryophylli,  as  shown  by  Bergmark  et  al.  (2012).  The  specificity  of  primers  and  probe  of  a 
Burkholderia spp. quantitative PCR (qPCR) using 16S rRNA gene sequences proved to be remarkably 
low (8 %; Bergmark et al., 2012). 
3.1.2.4.  Host range of B. caryophylli  
Carnation (Dianthus caryophyllus) is the main host, but other Dianthus spp., such as D. barbatus and 
D. allwoodii, can be infected through artificial inoculation. Incidental host
4 plants have been described, 
such as statice (Limonium sinuatum) (Jones and Engelhard, 1984; Nishiyama et al., 1988) and prairie 
gentian  or  Lisianthus  (Eustoma  grandiflorum)  (Furuya  et  al.,  2000).  Other  plants  reported  to  be 
affected are baby‘s breath (Gypsophila paniculata) (Liu, 1990; Kishi, 1998). 
More recently, ginseng (Panax sp.) has been reported to be a possible new host for B. caryophylli in 
Jilin Province (China) (Bai et al., 2000). Subsequently, Yoo et al. (2007) reported the isolation from 
soil  cultivated  with  Panax  ginseng  of  a Burkholderia  isolate  with  the  highest  similarity  with  the 
species B. caryophylli although, after a process of polyphasic identification, the isolate was attributed 
to B. soli, sp. nov. Thus, Panax sp. as a possible host of B. caryophylli is questionable. Rotting of 
onions has also been mentioned in the past as a disease caused by B. caryophylli (Ballard et al., 1970; 
Palleroni, 1984), but no further report of this pathosystem has been recorder during the last 30 years. 
B. caryophylli was also found associated with sunflower (Helianthus annuus) rotting (Gao and Yuan, 
1991). 
Symptoms 
Symptoms on carnation caused by B. caryophylli may affect the whole plant, from the root system to 
the  aerial  parts.  Foliage  becomes  greyish-green,  later  yellowing  and  wilting;  stems  grow 
asymmetrically and become curved, while the internodes are shorter. Deep internodal stem cracks may 
appear,  mainly  at  the  base  of  the  plant,  and  only  occasionally  along  higher  internodes.  At  high 
humidity a brownish-yellow bacterial slime is produced and shed along the cracks. Finally, the whole 
plant becomes greyish-green and rapidly wilts. Stem cross-sections reveal a yellow-browning of the 
xylem vessels, with lesions filled with bacterial slime (Figure 2). 
 
 
 
                                                   
4  The term ‗incidental host‘ is defined here as a plant host in which the pathogen occurs or is  likely to  occur as an 
unpredictable or minor occurrence. Burkholderia caryophylli pest risk assessment  
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Figure 2:   Stem cracking in Dianthus caryophyllus caused by Burkholderia caryophylli. (Hellmers, 
Royal  Veterinary  and  Agricultural  University;  available  from 
http://www.forestryimages.org/browse/detail.cfm?imgnum=0454009) 
Symptom development depends on temperature and humidity: above 25 °C plants wilt 20–30 days 
after infection; between 20 and 25 °C plants become diseased and wilted in 70–80 days; below 20 °C 
no  disease symptoms develop and plants  may survive  with  latent infection  for a couple  of  years, 
eventually becoming symptomatic two to three years after infection (Dickey and Nelson, 1963, 1967; 
Gullino and Garibaldi, 1997). 
The roots of infected plants, once wilting occurs, are more or less rotten, the plants being easily pulled 
out of the soil and, on cutting, roots show discontinuous brown spots which distinguish the disease 
from that caused by Phialophora cinerescens, which leaves the roots apparently symptomless (EPPO, 
online). 
After  infection  with  B. caryophylli,  plants  may  survive  about  one  to  three  years,  but  secondary 
invasion by fungi, such as Fusarium spp., accelerates death. Heavily infected cuttings wilt and die 
before roots are formed. For more information, see Dimock (1950), Hellmers (1958), Lemattre et al. 
(1964), Garibaldi (1967), Lemattre (1969) and Saddler (1994). 
3.1.3.  Current distribution 
3.1.3.1.  Global distribution 
The global distribution of B. caryophylli is given in Table 1 and in Figure 3. 
Table 1:   Current distribution of B. caryophylli outside the EU 
Country  References 
Asia 
China: restricted distribution; Japan: present, no further details; India: 
present, no further details; Israel: present, few occurrences; Taiwan: 
present few occurrences 
North America 
USA: present, no further details and restricted distribution; Canada: 
eradicated 
South America 
Colombia: present, no further details; Argentina: present, no further 
details;  Brazil:  restricted  distribution;  Uruguay:  present,  few 
occurrences 
CABI, online 
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3.1.3.2.  Occurrence in the risk assessment area 
B. caryophylli  is  a  known  pest  of  plants  (EPPO,  2002)  and  plant  products  in  its  area  of  current 
distribution.  An  update  of  current  situation  is  given  in  EPPO  PQR  (2012).  Details  on  hosts  and 
symptoms are given below. 
B. caryophylli has been observed in several regions of the PRA area in the past (Bradbury, 1986). It 
was found, but did not establish, in Denmark, France, Germany, Ireland, the Netherlands and the UK. 
Unconfirmed reports were recorded in Hungary, Poland, Norway, Slovakia and Sweden. Italy is the 
only country where B. caryophylli had been reported with a restricted distribution (Bazzi et al., 1987). 
However, Minardi et al. (1988) were not able to find the pathogen after two years of extended official 
surveys (1986, 1987) and checking more than 90 % of Italian carnation cutting production. 
The  pest  status  of  B. caryophylli  based  on  the  EPPO  PQR  database  and  on  the  replies  to  the 
questionnaire  sent  by  EFSA  to  the  EU  MSs  is  shown  in  Table  2.  The  only  country  for  which 
B. caryophylli  is  reported  in  EPPO  PQR  as  present  (with  restricted  distribution)  is  Italy,  with  a 
reference from Bazzi et al. (1987). However, this is in contrast to the results of the official surveys 
reported by Minardi et al. (1988). In the reply to the EFSA questionnaire in 2012, B. caryophylli is 
reported for Italy as absent, pest no longer present. 
   Burkholderia caryophylli pest risk assessment  
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Table 2:   Information  about  the  status  of  B. caryophylli  in  EU  MSs,  as  gathered  from  different 
sources (EPPO PQR; EFSA questionnaire to MS NPPOs) 
Country  Pest status (EPPO PQR)  EFSA questionnaire 2012 to NPPOs on B. caryophylli  
Austria  Absent, pest no longer present  No information on the pest  
Confirmed in e-mail 
Belgium  Absent, confirmed by survey 
Absent,  no  pest  record  in  carnation  and  other  hosts.  In 
general, impact is considered to be minimal and no specific 
measures are foreseen/applied 
Bulgaria  Absent, intercepted only  Absent, no pest record in carnation and other hosts 
Czech 
Republic  (–) 
Absent, no pest record in carnation and other hosts 
B. caryophylli in nurseries (glasshouses) has been subject in 
2012 to official surveillance on multiple hosts 
Cyprus  (–)  No data available  
Confirmed in e-mail 
Denmark  Absent, pest no longer present  Absent, no pest record 
Estonia  (–)  No findings in the last 10 years 
Confirmed in e-mail 
Finland  (–)  Absent, no pest record in carnation and other hosts 
France  Absent, pest no longer present  (–) 
Germany  Absent, pest no longer present 
 
Absent, no pest record in carnation and other hosts 
No surveys have been performed 
Greece  (–)  (–) 
Hungary  Absent, pest no longer present  Absent no pest record 
No surveys has been carried out in the past 30 years 
Ireland  Absent, pest no longer present  Absent, no pest record  
Confirmed in e-mail 
Italy  Present, restricted distribution  Absent, pest no longer present in carnation and other hosts 
No surveys in the last 15 years 
Latvia  (–)  Absent, no pest record 
Lithuania  (–)  No data available  
Confirmed in e-mail 
Luxembourg  (–)  (–) 
Malta  (–)  Absent, no pest record 
NPPO does not conduct surveys for this organism 
Netherlands  Absent, pest eradicated  Absent, confirmed by survey 
Latest survey in 2011 
Poland  Absent, pest no longer present  (–) 
Portugal  (–)  (–) 
Romania  (–)  No problem (no further information in the questionnaire) 
Slovak 
Republic  Absent, unreliable record  Absent, no pest record in carnation 
Slovenia  (–)  Not known to occur  
No record 
Spain  (–)  (–) 
Sweden  Absent, pest no longer present  Absent, not known to occur  
Confirmed in e-mail 
United 
Kingdom  Absent, pest no longer present  No problem (no further information in the questionnaire) 
(–), data or information not available/not submitted. Burkholderia caryophylli pest risk assessment  
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3.1.4.  Regulatory status 
B. caryophylli [with the old name of Pseudomonas caryophylli (Burkholder)] is listed in Directive 
2000/29/EC (Directive)  Annex II, Part A, Section II, as a harmful  organism  occurring  in the EU 
territory, whose introduction into, and spread within, all MSs shall be banned if it is present in plants 
of Dianthus L. intended for planting, other than seeds. 
In  the  same  Directive,  this  pathogen  is  also  mentioned  in  Annex  IV,  Part  A,  under  the  special 
requirements which must be laid down by all MSs for the introduction and movement of plants, plant 
products and other objects into and within all MSs. These requirements are listed below: 
Section I: Plants, plant products and other objects originating outside the Community 
Plants of Dianthus L. intended for planting, other than seeds, need an official statement that: 
  The plants have been derived in direct line from mother plants which have been found free from 
Erwinia chrysanthemi pv. dianthicola (Hellmers) Dickey, Pseudomonas caryophylli (Burkholder) 
Starr and Burkholder and Phialophora cinerescens (Wollenw.) van Beyma on officially approved 
tests, carried out at least once within the two previous years,  
  No symptoms of the above harmful organisms have been observed on the plants. 
Section II: Plants, plant products and other objects originating in the Community 
Plants of Dianthus L. intended for planting, other than seeds, need an official statement that:  
  The plants have been derived in direct line from mother plants which have been found free from 
Erwinia chrysanthemi pv. dianthicola (Hellmers) Dickey, Pseudomonas caryophylli (Burkholder) 
Starr and Burkholder and Phialophora cinerescens (Wollenw.) van Beyma on officially approved 
tests carried out at least once within the two previous years, 
  No symptoms of the above harmful organisms have been observed on the plants. 
3.1.5.  Potential for establishment and spread in pest risk assessment area 
As mentioned in Section 3.1.1.5, the main host of B. caryophylli is carnation. Statice and lisianthus are 
considered  incidental  hosts. Carnation  is  grown as  an  ornamental  in the EU both under protected 
conditions and outdoors and it has been shown in the past that the pest can establish in areas of the 
EU. 
B. caryophylli is a rhizosphere microorganism. The natural spread of the pathogen in soil is very slow 
and over extremely short distances (to  one or two neighbouring or surrounding plants) (Garibaldi, 
1969; Gullino and Garibaldi, 1997). The main path of distribution is by means of infected cuttings 
which may be obtained from infected but symptomless mother plants. B. caryophylli has been reported 
to be common in sphagnum peat bogs from cool and humid regions (Belova et al., 2006; Stoyanova et 
al.,  2007). The  use  of  turf  coming  from  those  areas  might  be  an  additional  means  of  spread  for 
B. caryophylli, although there is no study in the literature providing data on the pathogenicity of this 
isolate on carnations. 
B. caryophylli has a potential to become established and to spread in the PRA area, since its host 
plants are present in several areas throughout the EU. 
3.1.6.  Potential for consequences in pest risk assessment area 
B. caryophylli has caused serious damage in the USA since its first report in 1940 (CABI, online). In 
Japan, bacterial wilt is still considered one of the most serious diseases of carnations (Onozaki et al., 
1999; Yagi and Onosaki, 2011; Yagi et al., 2012). The disease and its pathogen have not been reported Burkholderia caryophylli pest risk assessment  
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on carnations in the EU for several years. On other hosts, such as lisianthus, baby‘s breath or statice, 
the disease has never been observed in Europe. 
As the hosts of B. caryophylli (carnation, statice, lisanthus, gypsophila) are present in the EU, there is 
a potential for consequences in the pest risk assessment area. 
3.1.7.  Conclusion of pest categorisation 
B. caryophylli could present a risk to the risk assessment area, as it is absent and has potential for 
establishment and causing consequences in the risk assessment area. 
3.2.  Probability of entry  
3.2.1.  Identification of pathways  
Carnation represents one of the most important ornamentals in the world market. Carnation vegetative 
plant  propagation  material  is  an  important  trade  commodity,  mainly  cuttings  and,  with  less 
importance, mother plants and in vitro plants (see Section 3.2.2.1). Two other carnation pathways are 
the trade in cut flowers (Section 3.2.5 and Table 3) and in potted plants (Section 3.2.6). 
Three other ornamentals are described in the literature as possible, natural hosts of  B. caryophylli. 
They are statice (Limonium sinuatum) (Jones and Engelhard, 1984; Nishiyama et al., 1988), lisianthus 
(Eustoma  grandiflorum)  (Furuya  et  al.,  2000)  and  baby‘s  breath  or  gypsophila  (Gypsophila 
paniculata) (Liu, 1990; Kishi, 1998). In addition, sunflower (Helianthus annuus) has been mentioned 
in the literature. Sunflower (Helianthus annuus) has been reported to be an additional possible host 
(Gao and Yuan, 1991). Sunflower is extensively cultivated in the Mediterranean and Balkan countries. 
However, no reports are present in the literature confirming, for Europe, the findings of Gao and Yuan 
on  possible  sunflower  stalk  rot  as  a  result  of  B. caryophylli  infection.  The  identification  of 
B. caryophylli  by  Gao  and  Yuan  (1991)  is  substantiated  neither  by  any  molecular  tests  nor  by 
phytopathological assays. Therefore, the Panel considers that this identification  is questionable. In 
addition, H. annuus is seed propagated and B. caryophylli has not been reported to be a seed-borne 
bacterium. 
Production  of  cuttings  takes  place  mainly  in  Colombia,  Kenya,  the  USA  and  Japan.  In  Europe, 
production  of  cuttings  takes  place  mainly  in  Italy,  Spain  and  Portugal  (Peter  van  der  Weijden, 
Hilverda Kooij BV, De Kwakel, NL, reply to the questions from the EFSA PLH Panel for the hearing 
of carnation experts, personal communication, May 2012; Emilio A. Cano Vicente, Barberet & Blanc, 
Puerto Lumbreras, ES, reply to the questions from the EFSA PLH Panel for the hearing of carnation 
experts,  personal  communication,  August  2012).  The  import  of  cuttings  originating  from 
countries/areas  where  B. caryophylli  is  present  constitutes  a  major  risk  for  the  introduction  of 
B. caryophylli considering the use of these plant materials for propagation purposes. 
The  cut  flowers  world  market  is  worth  $5.7  billion  and  is  dominated  by  the  Netherlands,  which 
accounted for about 54 % of exports in 2005. The other top exporters are Colombia (16 %), Ecuador 
(6 %) and Kenya (6 %). The main import destinations for cut flower exports from third countries are 
the EU countries. The largest destination country is Germany (18 %) followed by the UK (17 %) and 
the USA (16 %). These figures are based on information dating from 2007 (Baris and Uslu, 2009). 
Currently, carnation is imported into the EU as cut flowers from several countries, listed in Table 3. 
Exporting  countries  are  free  from  B. caryophylli,  except  China  and  India,  where  B. caryophylli  is 
reported as present. The presence of B. caryophylli in Colombia in the CABI Disease Map (2006) is 
doubtful because the reference cited provided a general overview of carnation pathogens in Colombia 
and in the world but also mentioned that B. caryophylli is absent from Colombia (Arbelaez, 1993). 
Also from other papers (Arbelaez, 1987; Arbelaez Torrés, 1987), the only report of carnation bacterial 
pathogens  in  Colombia  regards  the  identification  of  Pseudomonas  woodsii  (Burkholderia 
andropogonis).  No  importation  from  the  USA,  Argentina,  Brazil,  Japan  or  Taiwan  (where Burkholderia caryophylli pest risk assessment  
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B. caryophylli is present) is mentioned. We assess below the risk of entry of B. caryophylli into the EU 
from imports of plant materials produced outside the EU. In Europe, B. caryophylli has previously 
been found in only a few countries (EPPO PQR, 2012); however, during the last 25 years there have 
been  no  reports  of  B. caryophylli  in  the  EU  (Table  2).  The  two  most  recent  submissions  of 
Burkholderia (Pseudomonas) caryophylli isolates in the important bacterial collections date from 1969 
(origin USA, National Collection of Plant Pathogenic Bacteria, NCPPB; http://www.ncppb.com/) and 
1972  (origin  France,  Laboratorium  voor  Mikrobiologie  Universiteit  Gent,  LMG,  collection  of 
Belgium). There is a little information about the import into Europe of Dianthus spp. cuttings from 
other countries where B. caryophylli is reported (see Figure 3). 
 
Figure 3:   Distribution  of  B. caryophylli as  extracted  from  EPPO  PQR  (2011)  on  2  March  2012 
(yellow areas are countries or states with records of the pathogen; red circles represent pest presence 
as national records and red crosses pest presence as subnational records).  
3.2.1.1.  List of pathways 
The Panel identified the following pathways for entry of B. caryophylli in the EU: 
I.  Planting material—carnation cuttings  
II.  Planting material—carnation mother plants  
III.  Planting material—carnation in vitro plants 
IV.  Other plant material—cut flowers (carnation, statice, lisianthus, baby‘s breath) 
V.  Other plant material—potted plants 
VI.  Growing substrates—Sphagnum peat 
VII.  Planting material—other plants for planting 
These pathways correspond to possible imports of plant materials produced outside the EU.  Burkholderia caryophylli pest risk assessment  
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3.2.2.  Entry pathway I: planting material—carnation cuttings 
The most important pathway is considered to be the import of carnation cuttings, particularly because 
it is the most frequent way of importing plant propagation material;  some EU nurseries carry out 
propagation steps outside the EU (Flavio Sapia, Hybrida srl, Sanremo, IT, personal communication, 
August  2012;  Emilio  A.  Cano  Vicente,  Barberet  &  Blanc,  Puerto  Lumbreras,  ES,  reply  to  the 
questions from the EFSA PLH Panel for the hearing of carnation experts, personal communication, 
August 2012; EFSA, in press) and also because the carnation plant propagation  material has been 
historically  the  main  pathway  for  dissemination  of  this  pathogen  (Hellmers,  1958;  Accati  and 
Garibaldi, 1974; Fletcher, 1984; Bazzi et al, 1987; Gullino and Garibaldi, 1997). 
3.2.2.1.  Probability of association with the pathway at origin 
If we take into account factors such as the occurrence of suitable life stages of the pest or the time of 
the year, B. caryophylli is unlikely to be associated with carnation cuttings, provided that hygienic 
standards  and  strict  sanitation  procedures  are  applied  in  the  country  of  production.  Moreover,  if 
mother plants are tested and found free of B. caryophylli, cuttings are unlikely to harbour the pathogen 
at origin. B. caryophylli is present in Japan, China (restricted distribution; present in Jilin Province but 
no further details available), India (present, but no  details available) and Colombia (doubtful; see 
Section  3.2.1). This  means  that  there  exists  a  potential  risk  of  introducing  B. caryophylli  through 
imported plant material from those countries. Cuttings are frequently produced during spring, summer 
or autumn, i.e., in the seasons when, if B. caryophylli is present, it remains latent for months, thus 
escaping visual inspections for disease symptoms during preparation of lots for export. Import into the 
EU takes place year-round, but 75 % is imported in March, April and May (Peter van der Weijden, 
Hilverda Kooij BV, De Kwakel, NL, reply to the questions from the EFSA PLH Panel for the hearing 
of carnation experts, personal communication, May 2012). 
Factors such as cultivation practices and the treatment of consignments do not play a major role in the 
prevalence of the pest at origin. The prevalence of B. caryophylli in cuttings in the pathway at origin is 
unlikely to be high if the cuttings are taken from disease-free mother plants (as can be expected from 
certified production systems) that are directly descended from tested mother plants. A clean stock 
management system is used; mother plants are tested several times; and mother plants are renewed 
every year. However, inspection is based upon visual evaluation. 
In  the  EU  this  pathogen  has  been  eradicated  from  the  carnation  industry  (Muratore  et  al.,  1986; 
Gullino and Garibaldi, 1997; see also Table 2), and the general hygiene practices used in the carnation 
certification  schemes  (EPPO,  1991,  2002;  EFSA,  in  press;  see  also  Section  3.2.3.2)  contribute  to 
keeping the plant propagation material free from this disease. In recent years, many EU carnation 
nurseries have moved part of their facilities and production centres to third countries in order to reduce 
the costs of production or simply in search of better weather conditions (Emilio A. Cano Vicente, 
Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH Panel for the 
hearing  of carnation  experts, personal communication, August 2012); therefore, it is assumed that 
carnation cuttings produced in third countries also follow similar certification schemes. It is, however, 
uncertain whether all imported cuttings are produced following high-quality certification schemes, as 
no data are available on this aspect. Plants are grown in elevated benches reducing the risk of water 
logging.  Plants  can  also  be  grown  in  soilless  bags  to  avoid  contamination  through  direct  contact 
between bags and ground, and to provide good ventilation around the plants (Barberet & Blanc, ND). 
Soil or growing medium in nurseries is usually disinfected by steam (Accati and Garibaldi, 1974; 
Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the 
EFSA PLH Panel for the hearing of carnation experts, personal communication, August 2012) and 
water is disinfected or filtered (Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, 
reply  to  the  questions  from  the  EFSA  PLH  Panel  for  the  hearing  of  carnation  experts,  personal 
communication, August 2012). 
Cuttings are considered a relatively important entry pathway, because of the high volume  (around 
63 000 000 units) imported annually (EFSA, in press) in the EU. In more detail (Emilio A. Cano Burkholderia caryophylli pest risk assessment  
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Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH Panel 
for the hearing of carnation experts, personal communication, August 2012):  
  Worldwide  annual  commercial  cuttings  market  (estimate,  1 000):  370 000  (62.2 %  standard 
carnations; 37.8 % mini carnations). 
  European  annual  commercial  cuttings  market  (estimate,  1 000):  63 194  (75.5 %  standard 
carnations; and 24.5 % mini carnations). 
Worldwide production area (including the EU) amounts to 5 000–6 000 ha, of which the EU accounts 
for 1 500 ha. The trend nowadays is that production is decreasing worldwide as well as in the EU. 
75 %. Of the worldwide production of carnation cuttings, 75 % are imported in the EU, of which 75 % 
originates  from  Kenya,  12 %  from  China  and  13 %  from  other  countries:  India,  Israel,  Colombia 
Tanzania (Peter van der Weijden, Hilverda Kooij BV, De Kwakel, NL, reply to the questions from the 
EFSA PLH Panel  for the  hearing  of carnation  experts, personal communication, May 2012). The 
volume of the imported host plants is therefore massive.  
The movement along the pathway is frequent, since import is done all year round. Carnation cuttings 
can be produced in exporting countries year-round owing to favourable weather conditions (Emilio A. 
Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH 
Panel for the hearing of carnation experts, personal communication, August 2012). However 75 % of 
cuttings are imported during the months of March, April and May (Peter van der Weijden, Hilverda 
Kooij  BV, De Kwakel, NL, reply to the  questions from the EFSA PLH Panel  for the  hearing  of 
carnation experts, personal communication, May 2012). 
Overall, under current scenario (EU phytosanitary measures applied), the probability of association of 
B. caryophylli  with  the  carnation  cuttings  pathway  at  origin  is  considered  as  low,  with  medium 
uncertainty. This assessment  has a medium uncertainty because  of the lack  of  data on systematic 
surveys  for  this  pathogen  and  the  lack  of  information  on  the  extent  of  the  carnation  certification 
schemes outside the EU. 
3.2.2.2.  Probability of survival during transport or storage 
Survival of B. caryophylli in carnation cuttings during transport or storage is very likely with low 
uncertainty. Temperatures over 20 °C accelerate bacterial growth, and therefore symptom expression, 
in cultivated plants. Transport and storage are conducted at low temperature. Infected cuttings may 
show no symptoms, while bacteria may survive in plant tissues until planting time (Dimock, 1950; 
Hellmers, 1958; Dickey and Nelson, 1963; Garibaldi, 1967). 
During transport and storage of carnation cuttings, the pathogen is unlikely to multiply or increase. 
Indeed, between harvesting and replanting, cuttings, both unrooted and rooted, can be kept for several 
weeks in cold storage at low temperatures, from –0.5–0 °C to 2–4
 °C (Accati and Garibaldi, 1974; 
Rudnicki et al., 1991; Barberet & Blanc, ND). The optimal temperatures for disease development are 
17 °C in the soil (roots) and 20–25 °C for wilting, therefore; at the low storage temperatures cited 
above, B. caryophylli can be present without causing symptoms. In regard to the shipping conditions, 
no disease development is expected. 
3.2.2.3.  Probability of survival to existing pest management procedures 
This section describes pest management procedures both at the country and site of origin (avoidance 
of  contamination,  elimination  of  infected  plants  and  plant  lots  during  production,  hygiene  and 
certification during production of plant propagation material) and at the point of entry. 
General measures are assumed to be taken at the country of origin to prevent contamination; these 
include the use of pathogen-free propagation material, monitoring of the crop, use of steamed soil, use 
of disinfected or filtered water, which is frequently tested, and use of hygiene measures (Accati and 
Garibaldi, 1974; Barberet & Blanc, ND; EFSA, in press). Burkholderia caryophylli pest risk assessment  
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The pathogen might be latently present in cuttings if, in the country of origin, they are not produced 
according to the requirement mentioned in the Annex IV of EU Directive 2000/29 and/or following 
effective certification standards (EPPO, 2002; Naktuinbouw, online; EFSA, in press). Detection of 
B. caryophylli in latently infected cuttings can be considered as unreliable, as only visual inspections 
are applied to the commodity. 
Overall, therefore, it is unlikely, with medium uncertainty, that the pathogen will survive and remain 
undetected during existing pest management procedures, particularly when strict standard carnation 
hygiene and certification systems are applied at the country of origin and the requirements of current 
phytosanitary measures are fulfilled. 
The uncertainty is medium as there is insufficient information on the application and efficiency of the 
certification systems in place in the countries where outbreaks of this pathogen are currently reported. 
3.2.2.4.  Probability of transfer to a suitable host 
Carnation cuttings represent a commodity pathway, are the plant material intended for planting and are 
distributed to carnation growers throughout the pest risk assessment area. Consequently, planting of 
infected cuttings may result in an infected crop. In general, one consignment is expected to go to a 
single  destination  for  rooting:  after  rooting  the  consignment  may  be  split  into  multiple  lots  with 
different destinations (Flavio Sapia, Hybrida srl, Sanremo, IT, personal communication, August 2012). 
Carnation cuttings are imported into the pest risk assessment area in order to be planted and mainly 
arrive at suitable times of the year for possible establishment. Common Dianthus growing conditions 
fit well with those of B. caryophylli establishment in the crop. 
It is very likely that the pathogen would be able to transfer from the pathway to a suitable host, since 
the  commodity  itself  is  planting  material  and  will  be  used  in  carnation  production  facilities. The 
intended use of carnation cuttings is planting. Therefore, the commodity itself is the suitable host for 
the pathogen. When a carnation cutting is being rooted in a greenhouse or used for plantation of a field 
or protected crop, the pathogen may be transferred to a neighbouring cutting or plant via irrigation 
water, tools, machineries and other human activities. Thus, it is very likely that the pathogen will be 
transferred to the host crop, especially during the rooting stage in a nursery greenhouse, when cuttings 
to be rooted are planted very near to each other and high humidity, continuous irrigation and misting 
are the normal rooting conditions (Garibaldi, 1969). The uncertainty is low. 
3.2.3.  Entry pathway II: planting material—carnation mother plants 
During the 1960s and 1970s the carnation industry suffered from diseases, included bacterial ones, and 
poor results from commercial growing (Hackett and Anderson, 1967). To eliminate viruses and other 
pathogens  from  the  crop,  new  technologies  and  procedures  were  implemented  into  a  production 
scheme during the 1970s, consisting in the production of individual plants from meristem culture and 
growing clones from those plants proved to be free from viruses and other pathogens. The production 
scheme  was  (and  is  still)  implemented  in  a  small  number  of  highly  specialised  nurseries,  which 
provide high-quality propagation material to nursery markets (Angelo Garibaldi, University of Turin, 
Italy,  personal  communication) These  pathogen-free  plants  served  as  source  of  cuttings  to  obtain 
pathogen-free nuclear stocks and, from these, cuttings obtained were planted to produce pathogen-free 
mother plants to be used by commercial producers of carnation flowers (Hackett and Anderson, 1967). 
This method, the mother block system, was very efficient in eliminating several pathogens and has 
served as a model for other horticultural crops (including ornamental, such as gypsophila) (Altman 
and Loberant, 1997). This pathway is considered a minor one, since quantity is limited (estimated 
annual  mother plants  market ( 1 000):  4 190 worldwide and 89 in the EU) and there are no  data 
regarding importation of mother plants into the EU. Moreover, production is carried out under very 
strict sanitation procedures preventing infection by B. caryophylli. Burkholderia caryophylli pest risk assessment  
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3.2.3.1.  Probability of association with the pathway at origin  
Mother  plants  are  produced  by  a  reduced  number  of  nurseries  because  of  the  strict  sanitation 
procedures to be followed during production and certification of plants (Directive 2000/29/EC Annex 
IV,  special  requirements;  EPPO,  2002,  Naktuinbouw,  online;  EFSA,  in  press)  used  to  produce 
cuttings. Thus, the probability of the pathogen being associated with the pathway at origin is very low, 
even when taking into account factors such as the time of the year and life stage of the pathogen. 
The concentration and incidence of infections in mother plants will be very low if not zero, taking into 
account the common cultivation practices adopted for producing  mother plants. Mother plants are 
grown  from  grandmother  plants  and  grandmother  plants  from  nuclear  stock  plants.  Nuclear  stock 
plants  are  thoroughly  checked  for  the  presence  of  bacteria  by  direct  isolation  on  a  growth  agar 
medium,  after  sampling  and  preparation  of  plant  extracts  (Sergio  Santamaria,  Vivai  Santamaria, 
Bevera di Ventimiglia, IT, personal communication, July, 2012). Treatment of the commodity would 
not ensure a higher sanitation standard of mother plants. 
There is no quantitative information available about the number of mother plants along the pathway. 
The size of the market for mother plants in Europe is around 90 000 plants annually, and worldwide is 
around 4 200 000 plants annually (Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, 
reply  to  the  questions  from  the  EFSA  PLH  Panel  for  the  hearing  of  carnation  experts,  personal 
communication, August 2012). It is unclear how many mother plants are imported into the EU, but, 
based  on  information provided by  the carnation  industry (EFSA, in press), it  is  expected that the 
volume  of  imports  will  be  relatively  low  compared  with  the  number  of  mother  plants  produced 
worldwide and the number of cuttings. Moreover, there is no information available on the importation 
of mother plants from countries outside the EU where B. caryophylli is present. 
Import of mother plants might happen all year round, as carnation mother plants can be produced year-
round in exporting countries with favourable weather conditions (Emilio A. Cano Vicente, Barberet & 
Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH Panel for the hearing of 
carnation experts, personal communication, August 2012). Although, as stated above, no information 
is available on importation of conventional mother plants into the EU from third counties, there is 
information  on  the  limited  importation  of  genetically  modified  (GM)  carnation  plant  material, 
including mother plants (COGEM, 2009). 
Overall, the probability of association with the mother plants pathway at origin is very low, with low 
uncertainty (Table 4). 
3.2.3.2.  Probability of survival during transport or storage 
In the case of mother plants infected by B. caryophylli, the probability of the pathogen surviving is 
very high. The pathogen may latently survive quite well in mother plants during storage and transport, 
even at relatively low temperatures, with low uncertainty. 
The pest is unlikely to multiply/increase in prevalence during transport /storage as the mother plants 
are expected to be transported and stored at low temperatures at which B. caryophylli will not multiply 
(multiplication  of  B. caryophylli  is  expected  only  at  temperatures  above  15 °C).  However,  the 
uncertainty of the likelihood of multiplication is moderate because it is not known whether and how 
frequently temperatures will fluctuate during transport and storage. 
3.2.3.3.  Probability of survival to existing pest management procedures 
As reported in Section 3.2.2.3, this probability includes the pest management procedures both at the 
country of origin and at the point of entry.  
It is unlikely, with medium uncertainty, that the pathogen will survive and remain undetected during 
existing  pest  management  procedures  at  the  country  of  origin,  particularly  when  strict  standard 
carnation  hygiene  and  certification  systems  are  applied  and  the  requirements  of  current  EU Burkholderia caryophylli pest risk assessment  
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phytosanitary measures are fulfilled. The uncertainty is medium as there is insufficient information on 
the application and efficiency of the certification systems in some countries, such as Japan and China, 
where outbreaks of this pathogen are reported. 
Once the mother plants are produced and exported, the existing management procedures to check the 
phytosanitary quality of the commodity are based on visual inspections; thus, B. caryophylli is likely 
to remain undetected. This because the pathogen might be latently present in single mother plants if, in 
the country of origin, they are not produced according to the requirement mentioned in Annex IV of 
EU Directive 2000/29 or in the carnation certification standards (EPPO, 2002; Naktuinbouw, online; 
EFSA, in press). 
3.2.3.4.  Probability of transfer to a suitable host 
In general, a batch of mother plants will be used by only one customer in the MS for production of 
cuttings.  However,  the  cuttings  from  the  mother  plants  may  be  distributed  throughout  the  risk 
assessment area and infections of mother plants therefore bear a high risk of widely disseminating the 
pathogen. 
Mother plants are a commodity pathway. Consignments may arrive at any time of the year. Cuttings 
are taken from mother plants for several months, can be stored at low temperatures for several weeks 
and then planted; therefore, any time of the year when cuttings are produced is suitable for pathogen 
establishment. 
As mother plants are used to produce cuttings for planting, it is very likely that the pest is transferred 
from the pathway to the host plants deriving from that. Therefore, if mother plants are latently infected 
by the pathogen, they may serve as the primary inoculum source for the crop originating from latently 
infected cuttings. Moreover, the pathogen can also be transferred from an infected mother plant to a 
neighbouring one, as described for cuttings in Section 3.2.2.4. 
Since the intended use of mother plants is the production of cuttings for planting, it is very likely that 
the pathogen, if latently present in the commodity, will be transferred to the cuttings, and then to the 
crop, with low uncertainty. 
3.2.4.  Entry pathway III: planting material—carnation in vitro plants 
In vitro techniques for carnation multiplication previously involved excising aseptically short apices 
(meristem tips) that were later used to produce  callus on a suitable  medium (Seibert, 1976). This 
technique allowed better-quality plant  material to be obtained,  without the risk that such  material 
would  remain  internally  infected  by  various  pathogens.  Nowadays,  additional  micro-propagation 
techniques are available. In vitro propagation of carnation may be carried out according to different 
protocols,  including  nodal  segment  culture,  somatic  embryogenesis  and  adventitious  shoot–root 
induction (Casas et al., 2010). When nodal segments are chosen for micro-propagation, they are taken 
at  the  base  of  the  carnation  plant,  i.e.,  the  first  to  third  nodes.  Micro-propagation  techniques  are 
frequently used to improve carnation varieties, allowing their genetic transformation (Nontaswatsri 
and Fukai, 2006). 
B. caryophylli is a soil-borne or root-associated pathogen and may be found in the root system of its 
host plant or at the base of the plant. Its endophytic movement upwards inside the plant is particularly 
slow  (Ohishi  et  al.,  2005).  A  micro-propagation  protocol  using  meristem  tips  may  prevent  the 
maintenance of a possible latent infection by the bacterium. Conversely, a micro-propagation protocol 
starting from the basal nodes of a carnation mother plant with latent infection may produce infected 
microplants, since bacteria could concentrate in nodes, as seen for other vascular bacteria (Stefani and 
Bazzi,  1989).  Ornamental  in  vitro  plants,  including  carnations,  are  routinely  being  mass  micro-
propagated for commercial purposes, mainly in the Asia-Pacific region, for example in South Korea 
(Singh, 1995). Burkholderia caryophylli pest risk assessment  
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3.2.4.1.  Probability of association with the pathway at origin 
In vitro plants are produced by a small  number of  nurseries because  of the advanced technology 
required and the strict sanitation procedures to be  followed during production and certification  of 
plants (Directive 2000/29/EC, Annex IV, special requirements). In vitro plants are produced from 
meristem  apices  or  stem  nodes.  Thus,  the  probability  of  the  pathogen  being  associated  with  the 
pathway at origin is very low, with low uncertainty, when tissue is taken from meristem tips, but is 
higher if basal nodes are taken for propagation (Dickey and Nelson, 1970) and from  non-certified 
plants. Meristem culture is a recommended practice in carnation plant propagation to generate virus-
free plants (Accati and Garibaldi, 1974). Moreover, there are no data available on the importation of in 
vitro plants from outside the EU, particularly from countries where B. caryophylli is present. 
In vitro plants are produced from certified plant material under sterile growth conditions, ensuring that 
no contamination occurs. Therefore, the concentration of the pathogen on the pathway is very low, if 
not zero. 
No transportation of in vitro plants along the pathway has been reported. The Panel is of the opinion 
that the movement of in vitro plants is negligible. 
3.2.4.2.  Probability of survival during transport or storage 
In the case that in vitro plants are not safely produced and the plantlets are latently infected, the 
pathogen is likely to survive, with low uncertainty, in that plant material during storage and transport, 
even at low temperatures. During transport and/or storage, the pathogen is also likely to multiply, but 
only if the temperature is kept above 15–20 °C for several days or weeks.  
3.2.4.3.  Probability of survival to existing pest management procedures 
It is very unlikely, with low uncertainty, that the pathogen will remain undetected on the commodity. 
In vitro material is screened for bacterial growth during its production cycles: B. caryophylli might 
grow well both in in vitro plants and, eventually, in the growth medium; therefore, it will be detected 
by existing management procedures if in vitro plants are kept at temperatures above 20 °C. 
3.2.4.4.  Probability of transfer to a suitable host 
Although no data are available on the trade of in vitro carnation plants, in vitro plants are generally 
produced by carnation nurseries for own use; thus, the Panel assumes that the movement of in vitro 
plants is rare in the EU, as confirmed by personal communications from carnation breeders and the 
fact that distribution throughout the risk assessment  area is negligible. Consignments  do arrive at 
suitable times, and plants raised from in vitro plants are always grown under conditions allowing the 
pathogen to establish in the crop. 
It is very unlikely, with low uncertainty, that B. caryophylli will be able to transfer from the pathway 
to a suitable host, since contaminated in vitro plants would be detected and discarded if phytosanitary 
measures or quality assurance systems are applied. The likelihood of producing contaminated in vitro 
plants is negligible as propagation materials (nodes) are collected on mother plant stocks checked for 
the presence of B. caryophylli during production and certification of plants (Directive 2000/29/EC, 
Annex IV special requirements). Therefore, the Panel concludes that this is a very unlikely pathway 
and the probability for introduction via this pathway is very low, with low uncertainty. 
3.2.5.  Entry pathway IV: other plant material—cut flowers 
Carnation cut flower production worldwide is estimated to amount to 10 852 million stems per year, of 
which 76.5 % are standard carnations and 23.5 % are spray carnations. In Europe, annual carnation cut 
flower production is estimated at 1 938 million stems, of which 79.5 % are standard carnations and 
20.5 % are spray carnations (EFSA, in press). Burkholderia caryophylli pest risk assessment  
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Carnation cut flowers are not a regulated commodity according to current legislation. They might be 
considered a pathway for the introduction of B. caryophylli if they are produced in affected fields, but 
their destination as an end product for the  consumer poses  a negligible risk  of  establishment and 
spread of the pathogen. 
Considering  cut  flowers  as  a  possible  pathway  for  the  introduction  of  B. caryophylli  implies  the 
possibility that flowers may harbour the pathogen. However, this risk is considered negligible because 
B. caryophylli is a soil-borne pathogen and infects its host through wounds, possibly present in the 
root system or at the base of the stem. Its movement upwards along the plant is quite slow. Symptom 
development is correlated with the rate of movement of bacterial cells upwards (Nelson and Dickey, 
1966). In commercial production of carnations, diseased plants are discarded and not used to harvest 
cut  flowers,  or  they  die  before  producing  flowers.  In  the  case  of  latent  infection,  bacteria  are 
presumably present only along the first internodes of the plants, up to the third to fifth node (Dickey 
and Nelson, 1970); thus, cut flowers may be infected if the flower is cut at the base of the plant. 
After consumption, wilted flowers will be discarded, either by community waste disposal or by home 
composting. This pathogen, like other bacteria (Noble and Roberts, 2004), is not expected to survive 
community waste composting, particularly considering its ecological and metabolic needs (see Section 
3.1.1.3). Moreover, if urban waste compost is utilised as growing medium for greenhouse carnations, 
this will be steam sterilised before use, particularly in nurseries for plant propagation (Emilio A. Cano 
Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH Panel 
for the hearing of carnation experts, personal communication, August 2012; Quarles, 1997). 
Statice, lisianthus and baby‘s breath are imported into the EU as cut flowers. The main exporters of 
statice, lisianthus and gypsophila cut flowers to the EU are Israel, Turkey, Egypt, Kenya, Ecuador and 
Colombia. For instance, gypsophila is mainly imported into the EU from Israel, Kenya and Ecuador 
(CBI, 2009). The only exporting country where B. caryophylli is believed to be present is Colombia. 
As for carnation, cut flowers of statice, lisianthus and gypsophila pose a negligible risk of entry of 
B. caryophylli. 
Considering  the  destination  of  cut  flowers  as  an  end  product  for  the  consumer  and  the  fact  that 
B. caryophylli is not  expected to survive  waste  management and/or steam sterilisation,  the risk  of 
transmission through this pathway is assessed as very low, with low uncertainty. Burkholderia caryophylli pest risk assessment  
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Table 3:   EU import of carnation cut flowers from third countries in 2010 (×1 000 pieces) (AIPH, 2011) 
Importing … from  AT  BE/LU  CZ  DE  DK  ES  FI  FR  HU  IT  NL  PL  SE  GB  EU others  EU total 
Bolivia                       62          62 
Colombia  1 862  7  1 905  24 926    94 745    515    175  184 754  168  7 440  1.1.  146 296  2 933  1.2.  465 726 
Ecuador  8    4  971    3 439    46    68  10 623    86  222  10  15 476 
Egypt        1              2 450      16 388  327  19 166 
Ethiopia    3 601                  2 260          5 861 
Gaza        549              4 254          4 803 
Israel    8 232    283        56      1 988        89  10 649 
Kenya  20  8 527    3 054        1 584      52 933      141 666    207 783 
Moldova                              184  184 
Morocco        8    73    261    36  272      28 963    29 613 
Syria                              70  70 
Tanzania                      18          18 
Tunisia                      405          405 
Turkey   56 619      17 281    95      3 851    5 313      30 783  99 210  213 152 
Zimbabwe                       85           Burkholderia caryophylli pest risk assessment  
 
EFSA Journal 2013; 11(1):3071  28 
3.2.5.1.  Probability of association with the pathway at origin 
The concentration  of the pest  on  cut flowers at origin  is  considered  low,  whereas the  volume  of 
movement along the pathway is large. EU MSs import carnation stems from third countries. The main 
exporting countries to the EU are Colombia (465 × 10
6 stems in 2011), Turkey (213 × 10
6 stems in 
2011) and Kenya (207 × 10
6 stems in 2011). The EU also imports carnation cut flowers from Morocco, 
Egypt, Ecuador and Israel (Table 3). Movement along the pathway occurs year-round. Overall, the 
probability of association with this pathway at origin is assessed as low, with low uncertainty. 
3.2.5.2.  Probability of survival during transport or storage 
It is very likely, with low uncertainty, that the pathogen will survive in cut flowers during transport 
and storage, since transport and storage are conducted at low temperature. Infected cut flowers may 
show  no  symptoms  even  though  bacteria  survive  in  plant  tissues.  In  the  case  of  latent  infection, 
bacteria are presumably present only along the first internodes of the plants, up to the third to fifth 
nodes (Dickey and Nelson, 1970). Thus, in the case that B. caryophylli is latently present in carnation 
fields, cut flowers may either be uninfected or have a very low number of bacterial cells at the base of 
the stalk. It is unlikely that the pathogen will multiply during transport and storage, since the duration 
is short and the commodity is kept at low temperature throughout. 
3.2.5.3.  Probability of survival to existing pest management procedures 
The pathogen is likely, with low uncertainty, to survive or remain undetected, since no phytosanitary 
measures aimed at detecting B. caryophylli, are applied to cut flowers. If the pathogen is present on the 
commodity, it will be in a latent phase and will remain undetected during management procedures. 
The phytosanitary measures are based on visual inspections. 
3.2.5.4.  Probability of transfer to a suitable host 
Cut flowers are the final product and they are not meant for planting. After flowers are discarded, 
B. caryophylli is not expected to survive waste management and/or substrate steam sterilisation (see 
Section 3.2.5). Therefore, the probability of transfer through this pathway is considered very low, with 
low uncertainty. 
3.2.6.  Entry pathway V: other plant material—potted plants 
In Europe, land area for ornamental plants is decreasing; the production value is stable for flowers and 
is growing for potted  ornamental plants. Production  areas for potted  ornamental plants are highly 
concentrated  in  Germany  (22 700 ha),  France  (19 000 ha),  the  UK  (14 800 ha),  the  Netherlands 
(12 400 ha) and Italy (6 000 ha). The Netherlands accounts for the largest production value (2 656 
million euros—42 % share), followed by Italy (937 million euros) and Germany (933 million euros), 
with 14.6 % share each (European Commission Agriculture and Rural Development, online). Potted 
carnations,  also  known  ―mini  carnations‖,  are  relatively  new  to  the  indoor  flowering  house  plant 
market.  Their  cultivation  as  potted  plants  is  recent  (Bañón  et  al.,  2002)  and  in  fact  is  spreading 
throughout the Americas, Europe and Asia, but there are no data to indicate whether they are imported 
in  significant  numbers  into  the  EU.  Potted  plants  might  be  considered  as  a  pathway  for  the 
introduction of B. caryophylli, if they are produced in infected fields, but their destination as an end 
product for the consumer poses a negligible risk of establishment and spread of the pathogen in the 
PRA area. 
3.2.6.1.  Probability of association with the pathway at origin 
Potted plants are produced from cuttings (carnation): if cuttings are latently infected, then the plants 
originating from them will also be infected. In the EU, cuttings are taken from mother plants produced 
under strict sanitation procedures, and it is unlikely, with low uncertainty, that the concentration of the 
pathogen on the pathway is high. Potted plants imported from countries where the pathogen is present 
and  mother  plants  do  not  undergo  suitable  certification  procedures  or  checks  may  be  infected. Burkholderia caryophylli pest risk assessment  
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Nonetheless, no interception of contaminated potted plants has ever been observed in EU. There is no 
indication whether mini carnations are imported from China where B. caryophylli has been reported. 
There is no import of carnation potted plants into the EU (Peter van der Weijden, Hilverda Kooij BV, 
De Kwakel, NL, reply to the questions from the EFSA PLH Panel for the hearing of carnation experts, 
personal communication, May 2012). However, the volume of potted plants grown within the EU is 
high. In Europe, 2 000 ha is cultivated annually for the production of carnation pot plants, out of a 
total worldwide of 3 000 ha (Peter van der Weijden, Hilverda Kooij BV, De Kwakel, NL, reply to the 
questions from the EFSA PLH Panel for the hearing of carnation experts, personal communication, 
May 2012). A similar production  volume  is  expected  in the  coming  years. In Europe, production 
occurs mainly in the Netherlands, Germany, France, Italy and the UK. Potted plants are distributed to 
any area of the EU at all times of the year. 
Overall, the probability of association with this pathway at origin is rated as low, with low uncertainty. 
3.2.6.2.  Probability of survival during transport or storage 
Transport and storage of potted plants occur at a cool temperature or room temperature. Therefore, it is 
very likely, with low uncertainty, that the pathogen will survive during transport and storage of the 
commodity. Infected potted plants  may show no symptoms, even though bacteria survive in plant 
tissues. Transport and storage of potted plants are of short duration, and the bacteria have a slow rate 
of multiplication at low temperature. Therefore, it is unlikely that the pathogen will multiply during 
this period. 
3.2.6.3.  Probability of surviving existing pest management procedures 
If B. caryophylli is present, its infection of potted plants will be latent, and no management of potted 
plants will affect the survival of pathogen into its host. The phytosanitary checks, based on visual 
inspections, cannot detect latent pathogen, and therefore it will remain undetected. The probability of 
surviving existing pest management procedures for this pathway is therefore assessed as high, with 
low uncertainty. 
3.2.6.4.  Probability of transfer to a suitable host 
Potted plants are the final products destined for consumers: nonetheless, the commodity is widely 
distributed to the risk assessment area at all times of the year. Despite this, there is no opportunity for 
the pathogen to be transferred to any suitable host plant, even if potted plants arrive at a time suitable 
for  starting  infection  cycles  on  cultivated  host  plants.  In  fact,  if  properly  disposed  of  through 
community waste management, the pathogen is not expected to survive and spread (see Section 3.2.5). 
Moreover, even if an infected pot plant is discarded near a carnation field, it has been demonstrated 
that B. caryophylli travels only very short distance, i.e., centimetres (Garibaldi, 1969; Gullino and 
Garibaldi, 1997). 
In conclusion, considering the destination of pot plants as end products for the consumer, the fact that 
pot  plants  are  not  expected  to  enter  the  carnation  plant  propagation  production  system  and  the 
unlikelihood of survival and spread via wasted or disposed material, the probability of transfer through 
this pathway is considered very low, with low uncertainty. 
3.2.7.  Entry pathway VI: growing substrate—sphagnum peat 
Sphagnum peat has been described as a matrix in which several types of bacteria live, among them 
B. caryophylli (Belova et al., 2006). Although procedures performed on B. caryophylli isolates from 
sphagnum have confirmed its identity, no study has ever attempted to test the pathogenicity of the 
bacterium  on  carnation.  Thus,  it  is  still  unknown  whether  B. caryophylli  populations  from  peat 
represent  a  threat  to  carnation.  Sphagnum  peat  is  produced  in  northern  countries,  i.e.,  Finland, 
Sweden, the Baltic States, Russia and Canada. B. caryophylli has been found in sphagnum produced in 
Russia, but there is no indication that sphagnum peat is imported into the EU from Russia. Sphagnum Burkholderia caryophylli pest risk assessment  
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peat  used  in  the  EU  comes  mainly  from  Scandinavia  and  the  Baltic  states.  In  the  Netherlands, 
Denmark and Germany, peat is frequently replaced to improve the performance and value of the media 
used  in  ornamental  and  vegetable  production.  Recently,  the  Dutch  have  invested  heavily  in  the 
evaluation and development of low-peat substrates and management strategies for pot plant production 
(Waller, 2006) There is importation into the EU of sphagnum peat from Canada (Cattivello, 2009), 
where B. caryophylli is not known to be present. Moreover, information from the carnation industry 
indicates that the sphagnum peat used in carnation nurseries originates from EU countries (Emilio A. 
Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the EFSA PLH 
Panel  for  the  hearing  of  carnation  experts,  personal  communication,  August  2012;  Peter  van  der 
Weijden, Hilverda Kooij BV, De Kwakel, NL, reply to the questions from the EFSA PLH Panel for 
the hearing of carnation experts, personal communication, May 2012). No information was provided 
on import from areas (Russia, Siberia) where B. caryophylli has been found in sphagnum peat bogs 
(see Section 3.1.1.3). The probability of association with this pathway at origin is considered very low, 
with  moderate  uncertainty,  owing  to  the  lack  of  data  on  the  sphagnum  peat  trade  and  on  the 
distribution  and  pathogenicity  of  B. caryophylli  isolates  from  sphagnum  peat.  Survival  during 
transport and storage is considered likely, however, depending on the degree of hydration of the peat 
and storage  duration; uncertainty  is  medium  owing to the  lack  of specific studies. In addition,  in 
nurseries, the substrate is usually steam sterilised before rooting or planting (Accati and Garibaldi, 
1974; Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from 
the EFSA PLH Panel for the hearing of carnation experts, personal communication, August 2012); 
thus,  the  probability  of  surviving  existing  pest  management  procedures  is  low,  with  medium 
uncertainty, because of the lack of specific studies. In addition, transfer is unlikely to likely, depending 
on whether or not the substrate is steam sterilised, with medium uncertainty.  
Thus, this pathway can be considered of very minor importance, and the Panel is of the opinion that 
the  probability  of  entry  through  the  sphagnum  peat  pathway  is  very  low.  Uncertainty  along  this 
pathway is medium, because of the lack of pathogenicity studies on B. caryophylli from sphagnum 
peat, the lack of information on the import of this commodity from countries where this pathogen has 
been found in sphagnum and, in general, the lack of specific studies. 
3.2.8.   Entry pathway VII: planting material—other plants for planting 
Three other ornamentals are described in the literature as possible, natural hosts of  B. caryophylli. 
They are statice (Limonium sinuatum) (Jones and Engelhard, 1984; Nishiyama et al., 1988), lisianthus 
(Eustoma  grandiflorum)  (Furuya  et  al.,  2000)  and  baby‘s  breath  or  gypsophila  (Gypsophila 
paniculata)  (Liu,  1990;  Kishi,  1998).  Furthermore,  sunflower  (Helianthus  annuus)  has  been 
mentioned  in  the  literature.  There  has  been  one  report  that  sunflower  (Helianthus  annuus)  is  an 
additional  possible  host  (Gao  and  Yuan,  1991).  Sunflower  is  extensively  cultivated  in  the 
Mediterranean and Balkan countries. 
There are no reports in the literature confirming in Europe the findings of Gao and Yuan on possible 
sunflower stalk rot resulting from B. caryophylli infection. The identification of B. caryophylli by Gao 
and Yuan (1991) is considered unreliable. Therefore, the Panel considers that this identification is 
questionable. In addition, H. annuus is seed propagated and B. caryophylli has not been reported to be 
a seed-borne bacterium. 
Statice (L. sinuatum), lisianthus and gypsophila are commonly propagated by seed (Butcher et al., 
1986; Hartmann  et al., 2011). Micro-propagation  is  also possible and quite  frequently  carried  out 
(Harazy et al., 1985; Farina and Ruffoni, 1993; Esizad et al., 2012). Gypsophila paniculata may be 
additionally grafted to improve the ornamental value (double flowering types) of the species (Kusey et 
al., 1980). Grafts are taken from seed-propagated mother plants. Thus, if mother plants are latently 
infected by B. caryophylli, infection could be transferred to grafted plants. 
No specific trade data are available for this pathway, with the exception of plants of Limonium sp., of 
which,  according  to  EPPO  (2012),  around  2.5  million  units  were  imported  into  the  EU  in  2010. Burkholderia caryophylli pest risk assessment  
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However, it is not known whether these plants belong to the species Limonium sinuatum or to other 
ornamental Limonium species. 
Overall, the probability  of association  with this pathway at origin  is considered  very  low to  low, 
although  with  high  uncertainty  owing  to  the  lack  of  published  data. The  probability  of  surviving 
transport  and  storage  is  considered  very  high  with  low  uncertainty,  similar  to  carnation  plant 
propagation material. The probability of surviving pest management procedures is considered high 
because, although voluntary certification schemes are currently applied to lisianthus and gypsophila, 
no testing for bacteria is done in these schemes (Peter Lentjes, Naktuinbouw, Roelofarendsveen, NL, 
personal communication, December, 2012) and B. caryophylli is not regulated on planting materials of 
these other hosts. The uncertainty is medium owing to the limited data available. The probability of 
transfer to a suitable host is very high, with low uncertainty. 
Therefore,  the  Panel  concludes  that  the  probability  of  entry  via  this  pathway  ranges  from  very 
unlikely, for statice and lisianthus, to unlikely for gypsophila, mostly because of the scarcity of reports 
on the occurrence of B. caryophylli, on these hosts worldwide, but with medium uncertainty because 
of lack of data. 
3.2.9.  Conclusion on probability of entry 
The components of the probability of entry and their uncertainties are presented in Table 4 (below) for 
each pathway. 
The rating for the overall probability of entry is shown below. 
Rating for 
entry 
Justification 
Very unlikely 
to unlikely 
The likelihood of entry would be very low to low because:  
  Owing to the strict sanitation procedures to be followed during production and 
certification of plants (Directive 2000/29/EC, Annex IV, special requirements; 
certification schemes) used to produce planting materials, the probability of 
the pathogen being associated with the pathway at origin is very low and entry 
to  the  pest  risk  area  with  planting  materials  is  therefore  very  unlikely  to 
unlikely. 
  Entry  through  the  pathways  of  imported  cut  flowers  and  potted  plants 
(Dianthus and other host plants) is unlikely as these plants are not used for 
propagation purposes but almost exclusively for selling to the consumer and 
B. caryophylli is unlikely to survive the  waste  management processes, also 
owing to its biological characteristics. 
  Entry through the pathway of sphagnum peat is also very unlikely, mainly 
because there is no evidence in the literature that bacteria associated with this 
matrix are truly phytopathogenic to carnation or other crops and there is no 
evidence of importation of sphagnum peat from areas, where B. caryophylli is 
present in this material. 
3.2.10.  Uncertainties on the probability of entry 
There is, in general, low uncertainty in the assessment of the probability of entry. The only exception 
is the sphagnum peat pathway, for which uncertainty is rated as medium for the association with the 
pathway at origin as the only publications on the occurrence of B. caryophylli on sphagnum peat did 
not report on the pathogenicity of the isolates (Belova et al., 2006). There is also medium uncertainty Burkholderia caryophylli pest risk assessment  
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regarding the transfer of B. caryophylli to carnation hosts via sphagnum peat as there are no studies on 
this. 
There is uncertainty around the probability of entry with gypsophila plants for planting as there are no 
data on the frequency of application of the grafting technique or on the trade volumes. Burkholderia caryophylli pest risk assessment  
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Table 4:   Probabilities and uncertainties for the identified entry pathways.  1 
Pathways 
Probability of association with the 
pathway at origin 
Probability of survival during 
transport or storage 
Probability of survival to 
existing pest management 
procedures 
Probability of transfer to a 
suitable host 
1.3.  Probability  1.4.  Uncertainty  1.5.  Probability  1.6.  Uncertainty  1.7.  Probabilit
y  1.8.  Uncertainty  1.9.  Probability  1.10.  Uncertainty 
Planting  material—
carnation cuttings  Low   Medium  Very high   Low  Low   Medium  Very high   Low 
Planting  material—
carnation mother plants  Very low   Low  Very high   Low  Low  Medium  Very high   Low 
Planting  material—
carnation in vitro plants  Very low   Low  High  Low  Very low   Low  Very low   Low 
Other  plant  material—
cut flowers  Low   Low  Very high   Low  High   low  Very low  Low 
Other  plant  material—
potted plants  Low   Low  Very high  Low  High  Low  Very low  Low 
Growing  substrate—
sphagnum peat  Very low   Medium  High  Medium  Low  Medium  Low to high   Medium 
Planting material—other 
plants for planting  Very low to low  High  Very High   Low  High  Medium  Very high   Low Burkholderia caryophylli pest risk assessment  
 
EFSA Journal 2013; 11(1):3071  34 
3.3.  Probability of establishment 
3.3.1.  Availability of suitable hosts, alternative hosts and vectors in the risk assessment area 
The main host plant of B. caryophylli is carnation (D. caryophyllus). Other Dianthus species may be 
infected by artificial inoculation, e.g., D. barbatus and D. allwoodii (Burkholder, 1942), whereas other 
species,  such  as  D.  plumarius, remain  healthy  after  experimental  inoculation  (Burkholder,  1942). 
Other known  host  of B. caryophylli are statice (Limonium sinuatum) (Jones and Engelhard, 1984; 
Nishiyama et al., 1988), the prairie gentian or lisianthus (Eustoma grandiflorum) (Furuya et al., 2000) 
and baby‘s breath (Gypsophila paniculata) (Liu, 1990; Kishi, 1998). 
Sunflower  (Helianthus  annuus)  has  been  reported  as  an  additional  possible  host  (Gao  and  Yuan, 
1991). Sunflower is extensively cultivated in the Mediterranean and Balkan countries. However, there 
are no further reports in the literature which confirm for Europe the findings of Gao and Yuan on 
possible sunflower stalk rot resulting from B. caryophylli infection. 
D. caryophyllus is native to Spain, France, Italy and Greece; outside the EU this species is native to 
the former Yugoslavia, Morocco and Tunisia (Greuter et al., 1984). Wild Dianthus spp. are widely 
present  in  the  PRA  area,  from  north  to  south,  and  from  east  to  west:  more  than  180  species  or 
subspecies are described (Hamilton and Walters, 1989; Tutin and Walters, 1993; EUNIS, online), but 
no  reports  have  been  ever  published  on  their  possible  natural  or  experimental  infection  by 
B. caryophylli. The same is true for the genus Lisianthus: more than 120 species or subspecies are 
described in the EU (Tutin and Walters, 1993; EUNIS, 2012). As regards the genus Gypsophila, only 
21 species or subspecies are described in the Mediterranean and Balkan countries of the EU (Tutin and 
Walters,  1993;  EUNIS,  online).  All  the  mentioned  host  plants  are  cultivated  ornamentals  and  are 
grown in several EU countries (AIPH, 2011). 
Cultivation of carnation in the EU mainly occurs in glasshouses; in some Mediterranean countries, 
particularly  Spain  and  Greece, the  crop  is  also  grown  in  the  open  field.  Thus,  it  may  occur  that 
carnation cultivation fields or glasshouses are located in the vicinity of spontaneous Dianthus spp.  
In contrast, no Eustoma sp. is reported to spontaneously grow in EU (EUNIS, online). 
In the EU, the total area cultivated for carnation for cut flowers is ca. 1 500 ha, and for pot plants is 
2 000 ha (not year round) (Peter van der Weijden, Hilverda Kooij BV, De Kwakel, NL, reply to the 
questions from the EFSA PLH Panel for the hearing of carnation experts, personal communication, 
May 2012). With regard to plant propagation material, it is estimated that in the EU the size of the 
market is around 63 × 10
6 cuttings and 89 000 mother plants. The main producers of carnation cuttings 
are Italy (21 × 10
6), Spain (14 × 10
6), Portugal (4 ×10
6), Hungary (3.5 × 10
6) and Greece (2.5× 10
6) 
(Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from the 
EFSA PLH Panel for the hearing of carnation experts, personal communication, August 2012). 
Carnation is produced in several countries in Europe, but data are available only for some countries. 
According to recent statistics on ornamentals (AIPH, 2011), carnation is currently grown in Europe in 
Spain, Italy, the Netherlands, the UK and Hungary. In Spain, in 2009, carnation was grown on 592 ha 
(534 ha under protection and 57 ha outdoors), with a total production of 2 700 million pieces. In 2007, 
Italy produced 200 million carnation cut flowers (AIPH, 2011) Currently, cut flowers are produced by 
an estimated 15 million plants, mostly in the regions of Sicily and Campania (over 60–70 ha), with 
plant propagation material generally provided by Italian nurseries and breeders from Liguria (four) 
and Lazio (one). Annual carnation pot plant production in Italy is estimated at around 4.5 million pots 
of  diameter  10 cm  (Fiorenzo  Gimelli,  Centro  Documentazione  in  Floricoltura,  Regione  Liguria, 
Sanremo, IT, personal communication, May 2012). Carnation is also grown in other EU countries: 
total carnation production (under protection and outdoors) covered 20 ha in the Netherlands in 2010 
and 20 ha in Hungary in 2006; in the UK in 2007, carnation and pinkies were grown on around 50 ha 
outdoors  and  2 ha  under  protection  (AIPH,  2011).  Production  of  cut  flowers  of  carnation  is  also 
reported in Greece (50 ha) and Portugal (47 ha) (Emilio A. Cano Vicente, Barberet & Blanc, Puerto Burkholderia caryophylli pest risk assessment  
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Lumbreras, ES, reply to the questions from the EFSA PLH Panel for the hearing of carnation experts, 
personal communication, August 2012).  
3.3.2.  Suitability of environment 
Carnation may be produced in different ways; the most traditional one is in the open field. This is 
possible in areas where climatic conditions are suitable; in the EU these areas are mainly located in 
Spain and Greece.  
Outdoor  planting  may  affect  flower  quality,  if  weather  conditions  are  not  stable;  for  this  reason 
carnations are frequently produced as protected crops in glasshouses or under temporary protection 
structures (i.e., grown outdoors when the weather is good and covered with plastic tunnels in winter). 
As a protected crop, carnations are produced in the same countries as above, but also in other countries 
such as Italy, the Netherlands and France. Carnation protected crops can follow different cropping 
practices: soilless (hydroponic) cultivation; in bags containing either a single plant or 10–15 plants; on 
benches (suspended or isolated); or in soil (Accati and Garibaldi, 1974; Barberet & Blanc, ND). 
Based on pest distribution databases, several countries worldwide report bacterial wilt of carnations, 
from the northern states of USA (e.g., Wyoming, Montana) to subtropical and tropical regions in Latin 
America (e.g., Brazil) and Asia (e.g., China, Taiwan, India) (EPPO PQR, online). However, carnation 
is usually produced under protection, thus explaining the large geographic range where the disease has 
been reported. Most of the carnation grown in Europe is under protection, and the disease has already 
been reported in Europe, at least in the past. As summarised in Table 1, B. caryophylli was found, but 
did  not  establish,  in  Denmark,  France,  Germany,  Ireland,  Netherlands  and  the  UK.  Unconfirmed 
reports  were  provided  by  Hungary,  Poland,  Norway,  Slovakia  and  Sweden.  Italy  is  the  only  EU 
Member  State  where  B. caryophylli  was reported  (Bazzi  and  Mazzucchi,  1987);  however,  official 
surveys  conducted  by  Minardi  et  al.  (1988)  have  failed  to  find  the  disease  and  B. caryophylli  is 
currently reported in Italy as absent, no longer present (see Section 3.1.3.2). Climatic conditions in 
protected  cultivations  might  be  conducive  to  disease  in  any  area  of  cultivation,  especially  during 
rooting of cuttings and the first stages of growing, when humidity is set very high and watering is 
frequent. 
Carnation adapts well to many types of substrates provided ventilation is good. The most common 
materials used for soilless cultivation are coco peat, rice husk, sand, sphagnum peat and perlite. The 
choice  of  substrate  depends  on  cultivation  technique  and  type  of  production.  Therefore, 
standardisation of production features, especially soil quality and a closed environment, makes several 
EU production sites suitable for pest establishment. This  occurs when carnations are cultivated in 
glasshouses or as protected crops. According to the technical papers on carnation production provided 
by Barberet and Blanc (ND), abiotic factors are quite similar wherever carnation is grown as protected 
crop. 
Protected cultivation is the most common method of carnation production in the risk assessment area. 
Indeed,  from  the  first  reports  (Burkholder,  1942;  Jones,  1941)  the  disease  and  its  causal  agent, 
B. caryophylli, were always described  in glasshouse cultivations. So far, no reports of crop losses 
when carnations are produced outdoors have been found by the Panel. 
3.3.3.  Cultural practices and control measures 
Some measures taken during cultivation are favourable for the establishment of B. caryophylli in the 
crop, although B. caryophylli is not found. Cultural practices in protected crops may increase the risk 
of  pathogen  establishment.  The  use  of  sphagnum  peat  has  been  widespread  since  the  1940s 
(Burkholder,  1942;  Jones,  1941).  Turf  and  sphagnum  peat  have  been  reported  to  be  a  suitable 
environment for B. caryophylli (Glagoleva  et al. 1996; Belova  et al., 2006), and the use  of these 
natural substrates may enhance spread, establishment and survival of the pathogen. Substrate or soil 
treatment  is planned to control fungi, such as  Rhizoctonia, or nematodes;  no treatment  is usually 
planned to limit phytopathogenic bacteria, although several substrates, such as perlite, are heat treated Burkholderia caryophylli pest risk assessment  
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by steaming. Natural peat is usually not steam sterilised or gamma irradiated prior to its use as a plant 
substrate, except for particular uses, such as the addition of microbial inoculants beneficial to plants, 
e.g., rhizobia (van Schreven, 1970; Deschodt and Strijdom, 1974). Indeed, steam sterilisation may 
adversely affect the mineral elements and the organic matter in peat and soil (Sonneveldt and Voogt, 
2009). 
The widespread use of soilless (hydroponic) techniques and bag cultivation ensures the quality control 
of the substrates, preventing establishment of a possible pathogen arising from the re-use of soil for a 
second cycle of the same crop. In addition, dissemination of the pathogen is hindered by the use bags 
or  bench  cultivation.  Soilless  production  in  bags  or  on  benches  ensures  very  effective  sanitation 
methods from one cropping cycle to the next. 
Fertilisation is recommended in carnation production: the use of nitrogen stimulates vegetative growth 
and increases resistance to low temperatures. The use of nitrogen, when applied in slight or great 
excess, makes the plant highly susceptible to any bacterial disease. The suggested pH of soil used in 
carnation  production  is  approximately  6.5–7,  which  is  ideal  for  survival  and  maintenance  of 
B. caryophylli populations. 
Several wounds are produced during the production cycle of carnations: production of cuttings from 
mother plants, pinching of plants, disbudding and pruning. B. caryophylli infects the vascular system 
of its host plant and, when the plant is cut or wounded, the wound serves as both evasion point and 
penetration site. 
Thus,  high  hygienic  standards  during  carnation  production,  especially  for  mother  plants,  and  the 
application of a certification scheme are very effective in controlling B. caryophylli. 
As for other vascular bacteria, there is no known pesticide that effectively controls B. caryophylli, 
Antibiotics are used outside the EU to some extent (i.e., the aminoglycoside kasugamycin), but they 
are not allowed in carnation production in the EE. In some cases, an antiseptic, such as quinosol, is 
used (Emilio A. Cano Vicente, Barberet & Blanc, Puerto Lumbreras, ES, reply to the questions from 
the EFSA PLH Panel for the hearing of carnation experts, personal communication, August 2012). 
Therefore, existing pest management practice, apart from hygiene and sanitation procedures, will fail 
to prevent the establishment of the bacterium. 
Host resistance to B. caryophylli might be a solution. However, the level of resistance has been very 
limited in commercial cultivars of Dianthus. Worldwide, more than 300 Dianthus spp. are described 
(Galbally and Galbally, 1997; Jurgens et al., 2003), and over 180 species are native to Europe. Very 
few  experiments  have  been  carried  out  to  determine  if  wild  Dianthus  spp.  are  susceptible  to  B. 
caryophylli. Burkholder (1942) showed that resistant Dianthus spp. might be present in nature. More 
recently, wild Dianthus accessions have been tested for resistance to bacterial wilt and some resistant 
species have been found (Onozaki et al., 1998, 1999). In total, less than 9 % of wild Dianthus spp. 
have been tested for resistance. Nothing is known about the other 91 % of species concerning possible 
resistance  to  B. caryophylli.  In  this  regard,  no  new  carnation  variety  suitable  for  the  market  and 
resistant to bacterial wilt has been found so far (Onozaki, 1999). 
The several reports of carnation wilting during the 1960s and 1970s in Europe led to the development, 
implementation and application  of a certification scheme, to be used  especially for  mother plants 
(EPPO, 1991). During the 1980s, that certification scheme, although not yet published, when applied 
to the entire Italian carnation production following a Ministerial Decree, resulted in the disappearance 
of the pathogen in Italy (Minardi et al., 1988). 
Existing pest management practice is based on the implementation of a certification scheme, ensuring 
high sanitation standards for planting material (EPPO, 2002). If it were to be removed, it is likely that 
prevention of the establishment of B. caryophylli would fail in the pest risk area. Burkholderia caryophylli pest risk assessment  
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It  is  very  unlikely  that  B. caryophylli  would  survive  eradication  programmes,  as  the  susceptible 
environment for the establishment of the disease is limited to protected culture facilities (greenhouses, 
tunnels, etc.), where control measures based on hygienic practices, soil disinfection and production 
certification schemes are very effective in eliminating the pathogen. 
3.3.4.  Other characteristics of the pest affecting the probability of establishment 
B. caryophylli  can  be  present  in  carnation  as  a  latent  (symptomless)  infection;  in  this  case  the 
bacterium is soil borne. Other than soil, where the bacterium survives in the rhizosphere of carnation, 
the primary infection source  is  infected cuttings taken from  mother plants with a latent infection. 
Bacteria can pass from one cutting to another in the water of the propagating bed or, if the cuttings are 
held in water, before planting out. The observed slow, scattered spread of the disease in carnation 
production sites indicates that spread occurs only from one root system to another. Therefore, the life 
cycle  makes  it  likely  that  its  soil-borne  existence  and  entry  via  roots  enables  establishment  of 
B. caryophylli in carnation. However, B. caryophylli is unlikely to multiply in the soil in the absence 
of its host plants, which limits its establishment. 
Small populations of B. caryophylli are generally unlikely to establish in glasshouses, because of soil 
sterilisation  between  crops  and/or  use  of  soilless  substrates  and  general  hygiene  practices.  Crop 
rotation and/or sanitation procedures between cropping cycles will ensure that small populations do 
not become established in carnation production. 
Although the genus Burkholderia is omnipresent, the species B. caryophylli has not adapted to many 
host plants as a pathogen. Burkholderia spp. are naturally present in peat and sphagnum bogs. The 
extensive use of a high percentage (20 %) of sphagnum peat may enhance survival of B. caryophylli, 
which might find an excellent environmental niche in the substrate. In the EU, carnation production 
makes less use of sphagnum peat. There are, in general, no data available in the international literature 
on the importance of sphagnum peat used as a substrate for carnation cultivation for a possible, local 
establishment  of  B. caryophylli.  However,  B. caryophylli  has  only  a  very  limited  host  range  as  a 
pathogen (see Section 3.1.1.5). 
There exists no information about the reintroduction of B. caryophylli, after it disappeared, in any EU 
production sites during the 1980s to early 1990s. No epidemiological studies are available to indicate 
whether transient populations were ever present or may occur in the risk assessment area. It seems 
likely that the spread of B. caryophylli worldwide has resulted from the trade of cuttings of carnation 
in the past. 
3.3.5.  Conclusions on the probability of establishment 
The components of the probability of establishment are presented in Table 5, including uncertainties.. 
Table 5:   Components of the probability of establishment and uncertainties.  
   Availability 
of suitable 
host(s) 
Uncertainty  Suitability of 
environment 
Uncertainty  Application of 
cultural 
practices and 
control 
measures 
Uncertainty 
Open 
fields 
Yes  Low  No  Low  to 
medium 
Yes  Medium 
Protected 
crops 
Yes  Low  Yes  Low  Yes  Low 
 
The probability that a plant pathogenic bacterium will establish in an area depends on the availability 
of suitable host(s), the suitability of climatic and environmental conditions, cultural practices applied Burkholderia caryophylli pest risk assessment  
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to the crop, including control measures aimed at direct control of the pathogen, and/or the application 
of  certification  schemes  to  propagation  material.  B. caryophylli  is  a  known  member  of  the  soil 
microflora, especially of peat bogs, and thus has a good chance of surviving in this environment. The 
only known host reported in the EU is cultivated carnation. Other spontaneous Dianthus spp., although 
widely present in several regions throughout the PRA area, have never been reported to be affected by 
the  bacterium  in  the  PRA  area.  The  climatic  conditions  in  the  PRA  area  where  the  host  plant 
(carnation) is grown in open fields (mainly Spain, Greece and the Mediterranean part of France) are 
probably not very conducive to the development of the disease. Additionally, the type and chemistry 
of soils in the Mediterranean areas where carnation might be cultivated in the open are quite different 
from those present in the Nordic, boreal countries (i.e., Russia) where B. caryophylli has been found in 
peat  bogs.  Climatic  conditions  under  tunnels  or  in  glasshouses  (protected  crops)  are,  in  contrast, 
conducive  to  the  development  of  the  disease.  Strict  sanitation  procedures  at  production  sites  and 
certification of propagation materials (mother plants, rooted and unrooted cuttings) have been in place 
since the early 1980s. 
Thus, the overall probability of B. caryophylli establishment in the PRA area is estimated to be very 
low to low. 
Rating for 
establishment 
Justification 
Very  unlikely 
to unlikely 
The likelihood of establishment is considered very low to low because: 
  In  open  fields,  the  environmental  conditions  are  not  favourable  to  the 
pathogen and alternative hosts are, in general, not present. 
  In  protected  crops,  although  the  environmental  conditions  are  more 
favourable  to  the  pathogen,  current  cultural  practices  and  general  control 
measures are very effective in keeping the crop free from the bacterium. 
3.3.6.  Uncertainties on the probability of establishment 
Uncertainty regarding the probability of establishment is rated as medium to low. There remains a lack 
of information about the carnation cultivation situation in Japan, where the disease appears to be an 
important threat to carnation production, e.g., on the climatic features of the cultivated areas, agro-
technical  management  of  the  crop  and  control  strategies  to  limit  pathogen  establishment  and 
dissemination. 
3.4.  Probability of spread  
3.4.1.  Spread by natural means 
The pathogen has a very low mobility in soil (Garibaldi, 1969; Bazzi et al., 1987); it may be spread 
over very short distances, from plant to plant, as a result of handling plants or by water splashes 
(Fletcher, 1984). During cutting production in nursery greenhouses, one latently infected cutting may 
infect  25–30  cuttings  in  the  same  batch  (Garibaldi,  1969;  Bazzi  et  al.,  1987),  particularly  on  the 
propagation bench during radication (Hellmers, 1958; Accati and Garibaldi, 1974) and if cuttings have 
previously been immersed in solutions of rooting hormones (Hellmers, 1958; Accati and Garibaldi, 
1974). 
No information exists on the spread of this disease in the open field due to the presence of alternative 
hosts around the production sites. No  vector is known to  help pathogen spread in the cultivation 
environment. Survival in cultivation soil is calculated to be no longer than a few weeks in the absence 
of the host (Gullino and Garibaldi, 1997). Natural dispersal of B. caryophylli from an infected plant 
may therefore occur in soil, but only for a very short distance. High survival and movement of the Burkholderia caryophylli pest risk assessment  
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pathogen is instead observed in the propagation benches in greenhouses, where cuttings are placed for 
rooting, as a result of the high humidity and optimal temperature of the rooting beds (Gullino and 
Garibaldi, 1997). 
Therefore, the Panel concludes that spread by natural means is not likely, with low uncertainty, within 
carnation plantations for cut flower production. Spread by natural means would be likely, with low 
uncertainty,  during  the  rooting  of  cuttings  in  the  propagation  benches,  if  cuttings  are  taken  from 
infected mother plants not subjected to the standard sanitation procedures and certification schemes 
currently applied to carnation production in the EU. 
3.4.2.  Spread by human assistance 
Poor cultural practices in plant propagation nurseries can lead to B. caryophylli dispersal, resulting in 
the  spread  of  the  disease  with  infected  plant  propagation  material  (Hellmers,  1958;  Accati  and 
Garibaldi, 1974; Fletcher, 1984). If a carnation crop intended for planting is infected, there is a serious 
risk of dissemination, with human assistance, through the use of instruments for staking, netting and 
pinching off, and also through contact infections (clothes). In addition to this possibility, the presence 
of latently infected mother plants, from which latently infected cuttings are taken, may ensure the 
persistence of the bacterium in propagation material. This is particularly risky when latently infected 
cuttings are taken and then planted in autumn, when the temperature never exceeds 20 °C for several 
months after planting. Thus, no typical symptoms develop, but infection may persist for two to three 
years, with occasional non-specific symptoms (light chlorosis, slightly reduced size of plants) arising 
with low or very low incidence. Also, immersion of cuttings in solution of rootings hormones may 
allow spread of the pathogen via water to other cuttings. In a carnation nursery greenhouse, during 
cutting production and storage, one latently infected cutting may infect 25–30 cuttings in the same 
batch or bunch, particularly on the propagation bench during radication (see Section 3.4.1). Therefore, 
the Panel considers that spread, with human assistance, from latently infected mother plants would be 
likely  if  standard  prevention  (hygienic)  and  certification  protocols  were  not  applied.  However, 
considering the current situation in the EU, where effective sanitation procedures and certification 
schemes  have  been  put  in  place  during  the  last  30  years  in  carnation  production  sites  (Directive 
2000/29/EC; EPPO, 1971, 2002;  EFSA, in press), the spread of B. caryophylli with human assistance 
within the EU is considered overall to be unlikely. The uncertainty of this assessment is medium 
owing  to  the  possibility  of  unauthorised  propagation  of  carnation  varieties  outside  the  circuit  of 
registered nurseries (CIOPORA, 2007). 
3.4.3.  Containment of the pest within the risk assessment area 
Sanitation  practices  during  carnation  production  already  in  place  in  the  PRA  area,  i.e.,  regular 
phytopathological  analyses  of  mother  plants  and  propagation  material  (cuttings),  appear  to  be 
sufficient to contain the pathogen. Indeed, no report of a disease outbreak in the EU during the last 25 
years  is  known.  Therefore,  the  Panel  considers  it  very  unlikely  that  B. caryophylli  will  not  be 
contained within the pest risk area. 
3.4.4.  Conclusion on the probability of spread 
Spread of B. caryophylli, after its establishment in a cultivation area, does not appear to be likely for 
three related reasons: (i) natural dispersal of this soil pathogen is not an issue, its movement being 
observed  only  over  very  short  distances;  (ii)  high  sanitation  standards  are  applied  during  the 
production of mother plants and, as a result, during preparation of cuttings as propagation material; 
and (iii) when carnation is cultivated in the open in Mediterranean areas, B. caryophylli does not find 
its typical environmental niche, being a rhizospheric, diazotroph organism, found in nature  only in 
boreal peat bogs. Thus, the overall probability of spread is estimated to be  low under the current 
scenario, including the application of EU phytosanitary measures and the strict hygiene and cropping 
practices required under the EU carnation plant propagation voluntary certification scheme. Burkholderia caryophylli pest risk assessment  
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Rating for 
spread 
Justification 
Unlikely  Despite the possibility of latently infected plants and/or cuttings, which are the 
recognised key pathway for the spread of this disease, the likelihood of spread 
would be low because: 
  Natural dispersal in the soil is very limited, as in carnation crops for cut flower 
production the pathogen can be spread only over very short distances, from 
plant to plant, as a result of handling plants or water splashes. 
  Certification schemes and sanitation procedures are in place in the EU during 
the production of propagation material. 
  Plant passporting for EU-produced material and surveys in EU production sites 
are effective phytosanitary measures. 
3.4.5.  Uncertainties on the probability of spread 
Uncertainty regarding the probability of spread is currently rated as medium The role of wild Dianthus 
spp. or other weeds present in the PRA area as a reservoir for the pathogen has not been investigated. 
Information is missing on the causes of the frequent disease outbreaks seen in Japanese carnation 
cultivation areas. No data are available in the literature on the role of insects as potential vectors of the 
pathogen. Also, it is not known whether and to what extent unauthorised propagation of carnation 
varieties outside the circuit of registered nurseries, and therefore outside the certification and plant 
passporting schemes, occurs. 
3.5.  Conclusion regarding endangered areas 
Wherever  there  are  areas  suited  for  carnation  production  as  a protected  crop,  those  areas  can  be 
considered endangered. Areas with outdoor carnation crops are not considered at risk, although there 
are uncertainties due to lack of recent surveys and data from Japan, where B. caryophylli still seems to 
cause problems. 
3.6.  Assessment of consequences 
3.6.1.  Pest effects 
3.6.1.1.  Pest effects on carnation 
Although carnations remain an important component of the flower trade worldwide, in the last 10–15 
years rising demand for roses has led to a worldwide decline in carnation production. During the same 
period, production of carnations has shifted from Europe and the USA to Israel, Latin America and 
sub-Saharan Africa (Whitaker and Kolavalli, 2006). The decline in carnation production is not due to 
the bacterial stem crack. 
The current main area of distribution of B. caryophylli is Japan, where bacterial wilt is considered a 
major disease of carnation (Onozaki et al., 1999). The pathogen is also present in the USA, Brazil, 
China and India. However, no report of major effects on carnation cultivation in these countries is 
known. In the EU, no crop losses and no additional costs due to B. caryophylli have been reported in 
the last 25 years: the pathogen has apparently disappeared. 
Trade  with  countries  where  the  disease  is  reported  to  be  severe  (Japan  and  China)  has  not  been 
intensive so far. The circulation of commodities potentially contaminated with B. caryophylli has been 
developed with countries (African and South American countries) where the disease has not been 
reported to cause much damage. If phytosanitary control of B. caryophylli were to be abandoned and 
sanitation procedures and control measures were not applied, there might be a risk of increasing the 
rate of introduction of B. caryophylli into the EU and an increase in the disease in carnation crops. Burkholderia caryophylli pest risk assessment  
 
EFSA Journal 2013; 11(1):3071  41 
3.6.1.2.  Pest effects on other crops 
The negative effect of B. caryophylli infection on other possible hosts, both on crop yield or quality 
and on costs, is negligible. Occurrences in other crops such as statice, lisianthus and gypsophila are 
very rare worldwide and have never been reported in the risk assessment area (see Section 3.1.1.5). 
In  the  risk  assessment  area,  the  effect  of  the  pathogen  on  yield  and  quality  on  crops  other  than 
carnation would be minor or negligible. The other host plants of commercial value are statice and 
gypsophila (see Section 3.3.1). 
3.6.2.  Control of B. caryophylli  
Carnation  cropping  practices  that  can  effectively  control  B. caryophylli  have  already  been 
implemented (see also Section 3.3.3). In European nurseries, growing cuttings or plants on elevated 
benches, hygienic measures, good-quality water and elite production systems of cuttings and mother 
plants seem to be sufficient. Surveys, as far as reported, show the absence of B. caryophylli in the pest 
risk  areas.  Phytosanitary  checks  of  cuttings  and  thorough  analysis  of  mother  plants  will  keep 
B. caryophylli  under  control.  The  known  hosts  are  not  present  in  natural  habitats.  They  are  not 
common in private gardens or on amenity lands. No resistant, marketable cultivars are known so far 
(Onozaki et al., 1998, 1999). 
3.6.3.  Environmental consequences  
The environmental consequences of B. caryophylli in its current area of distribution are negligible. No 
hosts are reported to occur in the natural vegetation anywhere. Similarly, the consequences in the risk 
assessment area are likely to be negligible.  
The standard control measures to curb or prevent B. caryophylli involve no chemicals or pesticides 
besides cleaning substances and disinfectants. For instance, soil disinfection is usually achieved by 
steam in carnation nurseries. Therefore, the control measures will have no significant negative effects 
on the environment or on any other plants or biodiversity. 
3.6.4.  Conclusion on the assessment of consequences  
Rating  Justification 
Minimal  In the EU, no crop losses and no additional costs 
due to B. caryophylli have been reported in the 
last 25 years; therefore, the impact under current 
phytosanitary measures is considered minimal.  
In  the  absence  of  specific  phytosanitary 
measures, the impact is expected to be minor to 
moderate. In the absence of any control measure 
(no certification, no sanitation and low hygiene in 
production sites), the impact expected would be 
major. 
There  are  no  indications  of  environmental 
consequences  associated  with  B. caryophylli 
within its current area of distribution. The control 
of  B. caryophylli  has  minimal  impact  on  the 
surrounding environment, soil or biodiversity of 
other (host) plants. Burkholderia caryophylli pest risk assessment  
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3.6.5.  Uncertainties of the assessment of consequences 
The uncertainty of the consequences is low, owing to the historical lack of outbreaks of this bacterial 
disease in Europe. 
3.7.  Conclusions of the pest risk assessment 
Under the scenario of current phytosanitary measures, the conclusions of the pest risk assessment are 
as follows: 
Entry 
The likelihood of entry is assessed as very low to low because: 
  Owing to the strict sanitation procedures to be followed during production and certification of 
plants  for  planting  (special  requirements  listed  in  Annex  IV  of  Directive  2000/29/EC;  EPPO, 
2002), the probability of the pathogen being associated with the pathway at origin is very low and 
therefore  entry to the risk assessment area with plant propagation  material is  very unlikely  to 
unlikely. 
  Entry through the pathway of imported cut flowers and potted plants (Dianthus and other host 
plants) is unlikely because these plants and plant parts are not used for propagation purposes but 
are  produced  almost  exclusively  for  sale  to  the  final  consumers.  and  it  is  unlikely  that 
B. caryophylli  would  survive  the  waste  management  process,  owing  to  its  biological 
characteristics. 
  In  addition,  entry  through  the  sphagnum  peat  pathway  is  very  unlikely,  because  there  is  no 
evidence in the literature that the bacteria associated with this matrix are truly phytopathogenic to 
carnation  or other crops and there  is no  evidence  of sphagnum peat import from areas where 
B. caryophylli is reported in this material. 
Establishment 
The likelihood of establishment is assessed as  low because: 
  In open fields, the environmental conditions are not favourable to the pathogen and alternative 
hosts are, in general, not present. 
  In protected crops, although the environmental conditions are more favourable to the pathogen, 
current cultural practices and general control measures are very effective in keeping the crop free 
from the bacterium. 
Spread 
Despite  the  possibility  of  latently  infected  plants  and/or  cuttings,  which  are  the  recognised  key 
pathway for the spread of this disease, the likelihood of spread is assessed as low because: 
  Natural dispersal in the soil is very limited, as in carnation crops for cut flower production the 
pathogen can spread only over very short distances, from plant to plant, as a result of handling 
plants or water splashes. 
  There have been no reports of outbreaks or spread of this disease in the EU in recent decades. 
  Certification schemes and sanitation procedures are in place in the EU during the production of 
propagation material. 
  Plant  passporting  for  EU-produced  material  and  surveys  of  EU  production  sites  are  effective 
phytosanitary measures. 
Consequences 
  In the EU, no crop losses and no additional costs due to B. caryophylli have been reported in the 
last 25 years; thus, the impact under current phytosanitary measures is considered minimal. In the 
absence of specific phytosanitary measures, the impact is expected to be minor to moderate. In the Burkholderia caryophylli pest risk assessment  
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absence  of any  control  measure (no certification, no sanitation and  low  hygiene  in production 
sites), the impact expected would be major. 
  There are no indications of environmental consequences associated with B. caryophylli within its 
current  area  of  distribution.  The  control  of  B. caryophylli  has  a  negligible  impact  on  the 
surrounding environment, soil or biodiversity of other (host) plants. 
3.8.  Degree of uncertainty 
Uncertainty regarding entry is generally considered low. The only exception is the sphagnum peat 
pathway, where the uncertainties are considered medium owing to the lack of pathogenicity studies on 
B. caryophylli isolates from sphagnum peat, the lack of information on the import of this commodity 
from countries where this pathogen has been found in sphagnum and, in general, the lack of specific 
studies. 
Uncertainty about the probability of  establishment  is rated as  medium to low. Information  on the 
carnation  cultivation  situation  in  Japan,  where  the  disease  appears  to  be  an  important  threat  in 
carnation production, remains unavailable. In addition, there is no information on the pathogenicity for 
carnation  of  strains  from  sphagnum  peat  bogs  identified  as  B. caryophylli,  but  never  tested  for 
pathogenicity on Dianthus spp. or other plants. 
Uncertainty  regarding  the  probability  of  spread  is  currently  rated  as  medium.  The  role  of  wild 
Dianthus spp. or other weeds present in the risk assessment area as a reservoir for the pathogen has not 
been investigated. Information is  missing  on the  causes  of  the frequent  disease  outbreaks  seen  in 
Japanese carnation cultivation areas. No data are available in the literature on the role of insects as 
potential  vectors of the pathogen.  Also, it  is not  known  whether and to  what extent unauthorised 
propagation  of  carnation  varieties  occurs  outside  the  circuit  of  registered  nurseries,  and  therefore 
outside the certification and plant passporting scheme. 
The uncertainty of the consequences is low, owing to the historical lack of outbreaks of this bacterial 
disease in Europe in recent decades. 
4.  Identification of risk reduction options and evaluation of their effect on the level of risk 
and their technical feasibility 
4.1.  Current situation  
B. caryophylli [with the old name of Pseudomonas caryophylli (Burkholder)] is listed in Directive 
2000/29/EC (Directive)  Annex II, Part A, Section II, as a harmful  organism  occurring  in the EU 
territory, whose introduction into, and spread within, all MSs shall be banned if it is present in plants 
of Dianthus L. intended for planting, other than seeds. 
In  the  same  Directive,  this  pathogen  is  also  mentioned  in  Annex  IV,  Part  A,  under  the  special 
requirements which must be laid down by all MSs for the introduction and movement of plants, plant 
products and other objects into and within all MSs. These requirements are listed below: 
Section I: Plants, plant products and other objects originating outside the Community 
Plants of Dianthus L. intended for planting, other than seeds, need an official statement that: 
  The plants have been derived in direct line from mother plants which have been found free from 
Erwinia chrysanthemi pv. dianthicola (Hellmers) Dickey, Pseudomonas caryophylli (Burkholder) 
Starr and Burkholder and Phialophora cinerescens (Wollenw.) van Beyma on officially approved 
tests, carried out at least once within the two previous years,  
  No symptoms of the above harmful organisms have been observed on the plants. 
Section II: Plants, plant products and other objects originating in the Community Burkholderia caryophylli pest risk assessment  
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Plants of Dianthus L. intended for planting, other than seeds, need an official statement that:  
  The plants have been derived in direct line from mother plants which have been found free from 
Erwinia chrysanthemi pv. dianthicola (Hellmers) Dickey, Pseudomonas caryophylli (Burkholder) 
Starr and Burkholder and Phialophora cinerescens (Wollenw.) van Beyma on officially approved 
tests carried out at least once within the two previous years, 
  No symptoms of the above harmful organisms have been observed on the plants. 
This regulation, for plants originating from both EU and non-EU countries, appears to contain some 
weaknesses, which are discussed below: 
  The requirements for testing mother plants set out in the current regulation are not sufficiently 
clear  and  are  also  not  feasible.  Carnation  production  for  plant  propagation  involves  several 
multiplication cycles of mother plants, from nuclear stock, via one or several propagation stocks 
(called propagation stock I in EPPO, 2002), until the final cycle of mother plants from which the 
commercial cuttings are taken (called propagation stock II for production of certified cuttings in 
EPPO, 2002). In the Directive it is not clear to which step of the propagation (nucleus, propagation 
stock I or propagation stock II for production of certified cuttings) the requirements are targeted or 
whether all individual plants should be tested or only a sample. The testing of each individual final 
mother plant (propagation stock II. for production of certified cuttings) is not feasible, whereas 
100 % testing of the nuclear stock is feasible. Moreover, normally final mother plants are kept for 
only  one  cuttings  production  cycle,  which  normally  does  not  exceed  one  year  (Flavio  Sapia, 
Hybrida srl, Sanremo, IT, personal communication, August 2012). 
  Visual  inspection,  which  is  used  to  screen  imported  carnation  cuttings,  cannot  reliably  detect 
B. caryophylli in the case of latent infections. 
  The  current  EU  legislation  on  B. caryophylli  limits  restrictive  measures  to  Dianthus.  In  fact, 
besides carnations, three other ornamental species (statice, lisianthus and gypsophila) have been 
reported as incidental hosts of B. caryophylli. However, since the occurrence of this disease has 
been rarely reported in these crops, which are commonly propagated by seeds (with a limited 
probability of association with the pathway at origin; see Section 3.2.8), the Panel considers that 
the  extension  of  current  measures  to  statice,  lisianthus  and  gypsophila  would  not  result  in  a 
significant reduction in risk. 
In the current situation, the relevant contribution to reducing the risk of B. caryophylli in carnation 
derives  from  the  general  hygiene  practices  applied  in  European  voluntary  certification  schemes 
(EPPO, 2002; EFSA, in press). In addition, cuttings imported into the EU are mainly derived from 
mother plants grown and certified within the EU (EFSA, in press). 
4.1.1.  Effect of removing the current legislation 
If the  current regulation  were to be removed, no  major consequences  or changes  in the potential 
impact of B. caryophylli would be expected if a voluntary certification scheme including additional 
testing for B. caryophylli were to be used (EPPO, 2002, 2006), together with strict hygiene practices at 
the propagation sites (Accati and Garibaldi, 1974; Fletcher, 1984). Uncertainties are medium owing to 
the  lack  of  information  on  the  extent  of  application  of  certification  schemes  for  carnation  plant 
propagation material outside the EU. 
If,  on  the  other  hand,  the  current  legislation  were  removed  and  not  replaced  by  a  voluntary 
certification  scheme  including  absence  of  B. caryophylli,  contamination  of  carnation  crops  by 
B. caryophylli could be expected, particularly if plant propagation material is imported from the areas 
of current distribution of B. caryophylli in Asia, with ensuing detrimental effects (Onozaki et al. 1999; 
Yagi and Onosaki, 2011; Yagi et al., 2012). Burkholderia caryophylli pest risk assessment  
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4.2.  Identification  and  evaluation  of  risk  reduction  options  to  reduce  the  probability  of 
entry and establishment 
The  risk  reduction  options  to  reduce  the  probability  of  introduction  have  been  identified, 
distinguishing between those that would be applied at the country of origin (pre-entry measures) and 
those that would be applied at the point of entry (import control measures). 
4.2.1.  Prohibition of all susceptible plants and plant products entry into the EU  
Banning imports of B. caryophylli host plants simultaneously prevents the entry of the pathogen. The 
ban could be directed at all types of propagation material other than seeds (for details on pathways, see 
Sections 3.2.2, 3.2.3, 3.2.4 and 3.2.8). Derogation of the import ban can be considered for specific 
goals,  e.g.,  breeding,  by  allowing  plants  to  enter  in  quarantine.  Material  can  be  released  from 
quarantine when the absence of B. caryophylli has been confirmed and certified. The effectiveness 
would be high, although not significantly higher than current measures (even under current regulation, 
no disease has been observed in Europe since the 1980s). The feasibility would be low because many 
EU ornamental nurseries carry out propagation steps outside the EU. 
4.2.2.  Extension of the regulatory status of B. caryophylli  
B. caryophylli could be moved to Annex I, part a 1, regulatory status, and thus banned on any kind of 
plant  material.  Alternatively,  the  reported  incidental  non-Dianthus  hosts  could  be  included  in  the 
current legislation requirements for plants for planting in Annex II and Annex IV. This would put in 
place a barrier to the import from third countries of B. caryophylli -infected material of the various 
hosts and in effect close the loophole that hosts other than carnation are not subject to control under 
current legislation. These options would be effective for all pathways but are of low feasibility because 
of high trade volumes of plant propagation material and cut flowers and would not cause a significant 
improvement  in the  current situation because,  even  under current regulation,  no  disease  has been 
observed in Europe since the 1980s (see Table 2). 
4.2.3.   Pre- or post-entry quarantine of plant material for breeding and research purposes 
Quarantine controls can be applied to ensure absence of the pathogen during a period when plants are 
cultured under conditions of strict segregation from other plant material and subsequently inspected 
and/or tested. This approach  may also be applied under a complete prohibition scenario, whereby 
banned  commodities  are  imported  under  derogation,  and  implies  the  growing  of  plants  under 
quarantine conditions until they are shown to be free from B. caryophylli infection. 
Pre-  or  post-entry  quarantine  would  involve  growing  susceptible  plants  under  strict  segregation 
conditions either before or after entry. These plants would then be inspected and tested before plants 
were released for onward movement/sale. Not all host plants develop symptoms following infection; 
therefore, if this measure were to be applied based solely on visual inspection, its effectiveness would 
be low. However, the effectiveness of quarantine would be high if all plants held under quarantine 
conditions  were  tested  for  B. caryophylli.  Its  feasibility  is  high  for  nuclear  stocks  for  vegetative 
propagation. However, feasibility is low for late generation plants for planting material since these 
measures can be applied to only a very limited number of plants. The uncertainty of these rating is 
low. 
4.2.4.  Limit import to material produced in a B. caryophylli -free area/place of production 
Exporting  countries  could  be  required  to  provide  documentary  guarantees  to  the  effect  that  the 
consignment to be imported originates from a country, area or place of production known to be free 
from B. caryophylli. Requirements for the establishment of pest-free areas are defined in International 
Standard for Phytosanitary Measures (ISPM) No 4 (FAO IPPC, online). 
An official statement of absence of quarantine organisms is generally considered a solid basis for 
safely importing plant material, but it is highly dependent on tests and inspections carried out to ensure Burkholderia caryophylli pest risk assessment  
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the absence of the pathogen. In the case of B. caryophylli, infected plants could be missed owing to 
lack  of  symptom  expression  and,  therefore,  B. caryophylli  might  still  be  present  in 
places/consignments considered to be free from the disease (see Section 3.1.1.6). If the requirements 
for  declaring  a  B. caryophylli  -free  country/area/place  of  production  were  based  solely  on  visual 
inspection, the effectiveness of the measure would be low. If based on validated testing procedures 
and rigorous sampling, the effectiveness would be higher. The feasibility of this measure is low for a 
country or a large area but high for a place of production. Uncertainties are low. 
4.2.5.  Phytosanitary certification: statutory import requirements for the consignment 
A  declaration  on the absence  of B. caryophylli could be required for a specific consignment. The 
importing country could specify the way in which the exporting country can fulfil its requirements, for 
example by inspection of production areas, inspection and/or testing of parent plant material prior to 
taking  propagation  cuttings  or  may  concentrate  on  inspection  and/or  testing  of  the  specific 
consignment, or a combination of requirements. 
An official statement of absence of quarantine organisms is generally considered a solid basis for 
safely importing plant material, but it is highly dependent on procedures put in place to ensure the 
absence of the pathogen. In the case of B. caryophylli, infected plants could be missed owing to lack 
of symptom expression and, therefore, B. caryophylli might still be present in places/consignments 
considered to be free from the disease. The possibility of the latent presence of this bacterium in the 
commodity and the absence of adequate testing procedures can therefore be considered the major risk 
of introduction. 
If  the  requirements  of  the  phytosanitary  certificate  were  based  solely  on  visual  inspection,  the 
effectiveness  of  the  measure  would  be  low.  If  based  on  robust  testing  procedures  and  rigorous 
sampling, the effectiveness would be high. If relying only on testing for early generations and on 
visual inspection for late generations, the feasibility of this measure is high as it is already in place for 
carnation and because the other reported hosts are of minor significance. Uncertainties are low. 
4.2.6.  Private standards/requirements 
Quality  requirements  within  producing  countries  may  provide  a  measure  for  limiting  the  risk  of 
B. caryophylli  entering  the  EU.  The  effectiveness  of  this  option  would  depend  on  the  monitoring 
measures taken in the propagation material production process. Visual inspection alone would not be 
adequate, nor would testing regimes based on confirmation of symptomatic plants. In all cases, testing 
would  need  to  be  statistically  robust  to  allow  for  detection  of  symptomless  infection  in  the 
consignment or along the production scheme. Testing of mother plants would give a greater guarantee 
of  compliance  with  the  standards,  and  this  could  be  further  enhanced  by  additional  testing  of 
consignments  prior  to  export  from  third  countries.  Feasibility  is  high,  with  low  uncertainty,  as 
certification schemes for carnation are commonly used (EPPO, 2002; EFSA, in press). Effectiveness, 
which depends on a general agreement of adoption of standard testing procedures by all carnation 
industry,  is  considered  high.  Nonetheless,  it  is  difficult  to  separate  the  effects  of  the  certification 
schemes  from  those  of  the  cropping  practices  and  the  quarantine  regulations,  Uncertainties  are 
medium, owing to the lack of information on this disease from areas of current distribution and the 
lack  of  information  on  the  extent  of  application  of  certification  schemes  for  carnation  plant 
propagation material outside the EU. 
In addition, it should be noted that the World Trade Organization (WTO) Sanitary and Phytosanitary 
(SPS) Measures Committee expressed the following concerns about private standards: (i) they are not 
always  based  on  science;  (ii)  they  may  deviate  from  international  standards  or  from  official 
governmental requirements; (iii) there are a large number of them; and (iv) they are not harmonised. 
However,  some  members  of  the  SPS  Measures  Committee  take  the  opposite  view,  seeing  some 
benefits in private standards: helping suppliers comply with national and international standards by 
prescribing how those standards should be met; promoting best practice and improved productivity; 
giving brands a better reputation and helping suppliers access markets and credit; addressing emerging Burkholderia caryophylli pest risk assessment  
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risks in a rapid manner; filling gaps; and making it easier for international standards to eventually be 
adopted (WTO, online). 
4.2.7.  Treatment of the commodity 
No chemical or biological treatments are available to eliminate B. caryophylli present in host plants 
(see Section 3.3.3). Therefore, the effectiveness of this option is estimated as negligible. Uncertainties 
are low. 
4.2.8.  Visual inspection at point of entry 
Visual inspection of imported plants may detect B. caryophylli infection under conditions in which 
symptoms are visible. Symptomatic plants could be tested and, if infection status is confirmed, the 
consignment could be refused. Owing to the existence of latent infections, infected imported plants 
that are asymptomatic could go undetected by visual inspection. Therefore, the effectiveness of this 
measure is considered low. Its feasibility is low because of the high trade volume of carnation cuttings 
(EFSA, in press). Uncertainties associated with these ratings are low. 
4.2.9.  Testing at point of entry 
B. caryophylli  can  be  detected  by  adequate  testing  (see  Section  3.1.1.4).  In  the  case  of  a  limited 
number of plants (e.g., mother plants), all plants could be tested with high effectiveness and very high 
feasibility. In the case of a large number of plants (e.g., cuttings), however, only random samples can 
be tested, with moderate effectiveness and moderate feasibility. If infection is found, the consignment 
could be refused. Uncertainties associated with these ratings are high owing to the possibility that low 
levels of infection may go undetected. 
4.2.10.  Restriction on end use, distribution and periods of entry 
To  reduce  the  chance  of  entry  and  establishment  of  B. caryophylli  from  countries  where  it  is 
established,  the  use  of  potentially  infected  imported  consignments  could  be  limited;  for  example, 
importation of ornamental potted plants could be allowed only if the plants are intended for sale to 
final consumers but not for propagation and they could be forbidden from entering any propagation 
premises. Limiting the use of imported consignment to consumers would limit spread of B. caryophylli 
if present; however, the feasibility would be very low and effectiveness would be also very low, being 
a negligible pathway (see Section 3.2.6 on the potted plant entry pathway). Uncertainty is low. 
4.2.11.  Eradication of infected plants 
Eradication has the potential to remove the initial source of an outbreak and is therefore seen as the 
only measure with an impact on establishment. In addition, it can also be used as a risk reduction 
option, reducing the probability of spread and impact (see below). Infected plants cannot be cured. 
Therefore, eradication of infected plants is the only way to reduce the number of sources of inoculum 
within a specific cultivation. Where  infection  is limited to a few infected plants at a single spot, 
eradication could be restricted to the symptomatic plants and  the  other plants grown  in the same 
compartment (see Section 4.4.5) as spread of B. caryophylli in soil is very limited (see Section 3.1.4). 
If outbreaks occur at various locations within a cultivation area, eradication of all plants should be 
considered. Eradication efforts should consider not only the crop plants but also plants of other host 
crops, such as statice, lisianthus and gypsophila. Trace-back and trace-forward techniques should be 
used to detect infections in crops grown from the same stock material. Eradication should always be 
followed by additional measures (see Section 4.4). 
In the case of cultivations for breeding and propagation, eradication of all plants, at least within the 
suspected growing compartment, is strongly advised, even in the case of a limited outbreak, because of 
the intended use as starting plant material. Burkholderia caryophylli pest risk assessment  
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Total eradication of all plants of an affected cultivation is also very effective to prevent further spread, 
because it would eliminate all potential sources of inoculum. As a consequence, the effectiveness and 
feasibility of this measure can be considered to be high with low uncertainty. 
4.3.  Identification  and  evaluation  of  risk  reduction  options  to  reduce  the  probability  of 
spread and the impact 
4.3.1.  Maintain a pest-free area (protected zone status) 
In geographical areas with no record of the presence of a pest, and where surveillance is carried out to 
confirm this status, a declaration may be issued to indicate that an area is ‗pest free‘. There are two 
key benefits of maintaining pest-free areas: 
  It can be used to limit spread of a pest to the area by legitimately imposing local or regional 
legislation to restrict trade in high-risk commodities.  
  It can act as a guarantee that plants and plant products originating from such a protected area 
should be considered as pest free.  
Requirements for establishment of pest-free areas have been defined in the International Standard for 
Phytosanitary Measures (ISPM) No 4 (FAO IPPC, online). 
Based on the EPPO quarantine databases (EPPO PQR, 2012) and the questionnaire sent by EFSA to 
the EU MS NPPOs (Table 2), the Panel considers that B. caryophylli is absent from the EU; thus, this 
option could be applied. Effectiveness would be very high and feasibility would also be very high, 
owing to the  high  hygiene standards of the  current  certification schemes (EPPO, 2002; EFSA, in 
press) and the fact that the disease has been successfully eradicated in the past from the EU carnation 
industry by the application of testing and certification (Muratore et al., 1986; Gullino and Garibaldi, 
1997).  Moreover,  as,  historically,  the  main  pathway  for  dissemination  of  this  pathogen  has  been 
carnation plant propagation  material (Hellmers, 1958; Accati and Garibaldi, 1974; Fletcher, 1984; 
Bazzi et al, 1987; Gullino and Garibaldi, 1997), cleaning the carnation nurseries can effectively also 
improve the situation in the field production. 
4.3.2.  Certification of planting material 
Certification programmes based on selection of healthy mother plants after visual inspection and/or 
testing, followed by visual inspection and testing of propagations, are mainly used for vegetatively 
propagated crops, e.g., potatoes, fruit crops and some ornamentals such as chrysanthemum. Although 
there is a large variation in certification programmes, they are usually based on the same principle 
(Accati and Garibaldi, 1974; Shepard and Claflin, 1975; EPPO, 2002; Council Directive 2002/56/EC). 
A description of how to use a certificated protocol to produce disease-free cuttings from certificated 
nuclear  stock  is  available  (EPPO,  2002).  In  addition,  large  breeding  companies  provide  detailed 
culturing protocols (Barberet & Blanc, ND). In practice, this should enable Dianthus growers to obtain 
B. caryophylli-free plants and will prevent introduction of B. caryophylli in (new) cultivation areas of 
Dianthus. Each carnation producer has its own scheme, but a typical production involves three or four 
cycles (Flavio Sapia, Hybrida srl, Sanremo, IT, personal communication, August 2012). It starts with 
nuclear stock, from which nuclear stock plants are propagated, and subsequently grandmother plants 
and mother plants (Figure 4). The mother plants are used for production of cuttings for cultivation. 
Propagation of nuclear stock and (grand-) mother plants in MSs is mainly carried out under strict 
hygienic conditions. Production of cuttings is done mainly in non-MSs with low labour costs and a 
favourable climate for carnation production (EFSA, in press). During the propagation of nuclear stock, 
plant material is tested for bacteria by plating on a general growth medium for bacteria (EPPO, 2006). 
In the other cycles, plant material is inspected visually and assays for bacteria are not or only rarely 
conducted. Burkholderia caryophylli pest risk assessment  
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The effectiveness is high, as demonstrated by the effective cleaning in the 1980s of the EU carnation 
nurseries (Muratore et al., 1986; Minardi et al., 1988; Gullino and Garibaldi, 1997). Nonetheless, it is 
difficult to separate the effects of the certification schemes and related hygiene and cropping practices 
from the effect of current quarantine regulations. The feasibility is very high as the scheme is already 
implemented by the European carnation industry. 
 
Figure 4:   Diagram of the stages in the carnation certification scheme (EPPO, 2002) 
4.3.3.   Official surveillance in nurseries 
Visual inspections of nurseries by official bodies may contribute to pathogen-free cultivation of crops 
and varieties which express symptoms. Similarly, surveillance in nurseries through testing contributes 
to B. caryophylli freedom for all crops equally. 
To support visual inspection, it is recommended that that plants be tested, individually or in bulked 
samples, to detect B. caryophylli in planting material and to prevent spread of infected plants resulting 
from non-detection of latent infection. Infected lots (symptomatic or symptomless) should then be 
discarded. Burkholderia caryophylli pest risk assessment  
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If based solely on visual inspection, official surveillance of nurseries for B. caryophylli is feasible but 
it  has  low  effectiveness  because  the  optimal  temperature  for  mother  plant  cultivation  and  cutting 
production  (Accati  and  Garibaldi,  1974)  is  well  below  the  optimal  temperature  for  symptom 
development (see Section 3.1.1.3 on biology and life cycle). 
If  visual  inspection  is  accompanied  by  routine  sampling  and  testing  of  symptomless  plants,  the 
effectiveness would be moderate to high, but feasibility would be low to moderate because of the large 
number of plants involved. 
Uncertainties on the above are low, given that official surveys of carnation nurseries have already been 
conducted in the past (e.g., Minardi et al., 1988), when carnation production in the EU was higher than 
it is now. 
4.3.4.  Grower’s monitoring  
In the absence of organised certification schemes and of other statutory controls, voluntary action 
could  be  taken  by  individual  propagators  to  prevent  or  limit  infestation  in  a  crop  through  the 
application  of  visual  selection.  This  could  contribute  to  obtaining  planting  material  free  of 
B. caryophylli. This measure is similar to that listed above but assumes a lack of regulatory/statutory 
control  measures. In this case, the production industries  would become responsible. However,  the 
effectiveness  of this  measure is  limited  for the reasons described above. The  effectiveness  of this 
measure is therefore low, while its feasibility is rated as moderate as the absence of regulatory control 
means that the industry would be responsible for setting its own standards and these are unlikely to be 
universally applied in the absence of external regulatory pressure. Uncertainties are low. 
Adequate tests are available for the detection of B. caryophylli in planting material (see Section 3.1.1.4 
on detection and identification). If applied in conjunction with visual selection, the effectiveness in 
minimising  the  spread  of  infection  into  crops  would  be  moderate  and  still  lower  than  that  of 
certification schemes and official surveillance. Uncertainties are low. 
4.3.5.  Growing plants under exclusion conditions (glasshouse, screen, isolation) 
When introducing new propagation material into a clean site, an ‗in-house‘ quarantine system could be 
operated to ensure that ‗high-risk‘ and ‗low-risk‘ material do not come into contact with each other 
either  directly  or  through  contamination  of  cutting  tools,  clothes,  etc.  Furthermore,  crops  can  be 
compartmentalised throughout their production cycle to minimise any latent infection circulating prior 
to detection or symptom development. 
Similarly, separation  of susceptible crops (e.g., carnation, statice, lisianthus and/or baby‘s breath), 
reduces the chance of spread after B. caryophylli infection/outbreaks. This holds true for spread both 
with human assistance and by natural means. For spatial separation, host plant crops can be separated 
by  growing  different  crops  in  different  fields  or  in  different  greenhouses.  Compartments  within 
greenhouses further reduce the chance of spread. Alternatively, temporal separation can be utilised 
where crops are not interplanted or continuously cropped, introducing a crop rotation in a glasshouse 
or field. 
Traceability  of  lots  is  also  important  when  trying  to  implement  such  a  strategy  at  the  within-
crop/between-consignments level. 
The specific risk reduction measures pertaining to minimising circulation by limiting the effects of 
cross-contamination through human activities are discussed below in Section 4.4.7. 
This option is moderately effective and very feasible, with low uncertainties, as it is already in use in 
carnation propagation premises (Fletcher, 1984; Barberet & Blanc, ND). Burkholderia caryophylli pest risk assessment  
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4.3.6.   Growing only resistant varieties 
Growing  only  carnation  varieties  resistant  to  B. caryophylli  would  ensure  absence  of  the  disease. 
However, no commercial varieties of Dianthus caryophyllus resistant to B. caryophylli are known, 
although  some  wild  Dianthus  species  may  show  resistance  (Onozaki  et  al.,  1998, 1999; see  also 
Section 3.3.3). In addition, symptomless tolerant varieties could eventually appear to be disease free if 
assessed only through visual inspection. 
Although the effectiveness would be very high, the feasibility of this option is very low with low 
uncertainty. 
4.3.7.  Hygiene best practice 
The following list of hygiene principles are all recognised measures for containing or limiting the 
spread  of  B. caryophylli.  The  measures  should  be  applied  prophylactically,  but,  if  implemented 
following an outbreak, they have the potential to limit the spread of B. caryophylli. Consequently, the 
overall impact of an outbreak would be reduced. 
  Trained  staff.  Staff  should  be  trained  in  plant  pathology  (basics  of  symptomatology, 
epidemiology and control measures) and best practice procedures (hygiene and plant handling). 
Employment of trained staff contributes to prevention of outbreaks and to prompt recognition of 
B. caryophylli symptoms. Staff should be restricted to a limited number of fields or glasshouse 
compartments to reduce the risk of transmission of B. caryophylli between crops. Staff should also 
be trained to only work in one direction in a crop, restricting spread of B. caryophylli and other 
contact-transmissible pathogens in the event of an (as yet undetected) outbreak. 
  Using disposable clothes, including gloves and overshoes. Some plant pathogenic bacteria can 
be  transmitted  via  contaminated  clothes  and  skin.  This  measure  includes  the  use  of  clothes 
(including disposable overshoes) that will be destroyed or washed after use. Application of such 
precautions  may  reduce  the  risk  of  both  introducing  B. caryophylli  from  outside  the 
field/greenhouse and spreading B. caryophylli already present to other locations. Uncertainties are 
high as this has never been studied for this pathogen. 
  Restricting the movement of equipment and tools to one location. Knives and other equipment 
have the potential to spread plant pathogenic bacteria. Therefore, restricting the use of equipment 
(e.g.,  trollies  and  picking  crates)  and  small  tools  (e.g.,  knives  and  secateurs)  to  one  field, 
greenhouse,  compartment  or  a  smaller  area  may  prevent  the  spread  of  B. caryophylli  via 
equipment to crops grown at other locations. 
  Chemical disinfection of equipment and small tools. As a vascular pathogen, B. caryophylli can 
be mechanically transmitted. If equipment and tools are to be used on different crops, a regular 
disinfection regime with chemical treatments (e.g., quaternary ammonium salts) may reduce the 
spread of B. caryophylli. Machinery can be cleaned by high-water-pressure steam cleaners or by 
comparable methods. 
  Limiting the access to the place of production. The fewer people entering a carnation nursery, 
the  smaller  the  chance  is  of  introduction  or  spread  of  B. caryophylli  with  human  assistance. 
Therefore,  access  to  the  cultivation  should  be  restricted  to  people  working  in  this  specific 
cultivation. Access should be further restricted as much as possible by having employees always 
working in the same area or number of adjacent rows. 
  Sanitation of production location following an outbreak. Sanitation of the production location 
includes thorough cleaning of the premises and of non-disposable materials, e.g., gutters, watering 
system  and  heating  pipes.  Generally,  this  type  of  sanitation  is  restricted  to  greenhouses. 
Disposable  material  should  be  removed  and  destroyed.  The  premises  and  outer  parts  of  non-Burkholderia caryophylli pest risk assessment  
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disposable  material can be cleaned  with  high-water-pressure steam cleaners or  by comparable 
methods.  A  scrub  brush  should  be  used  for  parts  that  are  difficult  to  clean.  A  regular  acid 
treatment  can  be  used  for  internal  cleaning  of  watering  tubes  and  for  drippers.  Additional 
disinfection  can  be  achieved  by  the  application  of  chemicals  such  as  sodium  hypochlorite 
(NaOCl),  household  bleach  and  commercial  agricultural  disinfectants.  Soil  and  substrate 
disinfection  is  commonly  achieved  in  carnation  nurseries  by  steaming  (Accati  and  Garibaldi, 
1974; Fletcher, 1984; Barberet & Blanc, ND; EFSA, in press). 
  Use  of  clean  (disinfected)  irrigation  water.  Use  of  clean  irrigation  water  is  considered  an 
important requirement for a carnation nursery free of bacterial pathogens including B. caryophylli 
(EFSA, in press). 
4.3.8.  Summary on evaluation of risk reduction options to reduce the probability of entry and 
establishment 
Risk reduction  options  with  moderate  or higher feasibility and which also  have  moderate  or high 
effectiveness  have  been  identified.  Of  these,  prohibiting  entry  of  all  susceptible  plants  and  plant 
products would in effect prevent entry of the pathogen. However, given the large number of carnation 
plants entering the EU, this measure would have far-reaching implications for trade, and thus would 
not comply with ISPM No 1 (basic principles) (FAO IPPC, online), which states that phytosanitary 
measures should have a minimal impact on trade. Additionally, the lack of interceptions in certified 
material would suggest that this strength of measure is not necessary. Similarly, imposing pre- or post-
entry quarantine measures would be effective at preventing entry of B. caryophylli but seems to be 
required only when  infected stock  material for breeding and research purposes, given that current 
measures, based on legislation and certification, appear to greatly limit the entry of infected plants. 
Therefore,  implementation  of  a  statutory  certification  system  with  associated  statutory  import 
requirements  or,  but  with  a  potentially  lower  effectiveness,  the  use  of  voluntary  industry  quality 
standards (that are not currently specifically targeted to B. caryophylli) appear to be key measures to 
prevent entry of B. caryophylli to the EU. 
4.3.9.  Summary of the evaluation of risk reduction options to reduce the probability of spread 
and impact 
Several  measures  with  at  least  moderate  feasibility,  and  which  also  have  moderate  or  high 
effectiveness, have been identified. Use of tested and certified plant material appears to be the key 
measure  to  prevent  spread  and  reduce  the  impact  of  B. caryophylli  outbreaks.  Among  the  other 
measures,  exclusion conditions for  new plants being brought to a production location is the  only 
identified  risk  reduction  option  with  moderate  or  higher  feasibility  and  effectiveness  which  will 
prevent infection being introduced to a healthy cultivation. All other identified options simply limit the 
spread  and  impact  of  infection  after  an  outbreak  has  occurred.  These  other  measures  will  better 
contribute  when  applied  in  a  coordinated  fashion.  However,  their  combined  effect  on  the 
B. caryophylli situation overall is expected to be lower than that of an efficient certification system, 
which will reduce the number of outbreaks; in contrast, the coordinated use of options acting to reduce 
spread and impact will reduce only the impact of individual outbreaks. 
5.  Conclusions on the analysis of risk reduction options and of the current legislation 
B. caryophylli  has  several  biological  characteristics  which  strongly  influence  its  epidemiology,  its 
impact and the effectiveness of the risk reduction options that can be deployed to reduce the associated 
risks of entry, establishment, spread and impact. The key biological properties identified in this respect 
are as follows: 
  B. caryophylli colonises the carnation vascular system with a potential latent infection stage and, 
as such, it is very efficiently transmitted by all vegetative multiplication techniques, explaining the 
importance of the plants for planting pathway. Burkholderia caryophylli pest risk assessment  
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  The host range of B. caryophylli is limited to the genus Dianthus. Incidentally, only three other 
minor hosts (statice, lysianthus and gypsophila) are reported in the literature. 
  As there is no effective curative treatment that can be applied to B. caryophylli -infected plants in 
a production context, the pathogen is almost exclusively controlled by prophylaxis. 
For these reasons, the risk reduction options identified as having both the best effectiveness and the 
best feasibility are those addressing the sanitary status of the propagation material. The current EU 
phytosanitary  measures  for  B. caryophylli  in  carnation  plants  for  planting  (Directive  2000/29/EC, 
Annex IV A and Annex II, Part A, sections I and II) can be evaluated as having an overall high 
effectiveness, although it is difficult to separate the effect of current quarantine regulations from the 
effects  of  the  certification  schemes  and  related  hygiene  and  cropping  practices.  This  analysis  is 
supported by the fact that the disease has not been reported in carnation crops in the EU for several 
decades (see Section 3.1.3.2). 
Several weaknesses or loopholes in the current measures were identified during the present analysis. 
These  concern  the  quality  standards  (mother  plants  tested  only  once  in  two  years,  entailing 
recontamination risks); the fact that it is not clear which kind of mother plants should be analysed, nor 
at which stage of production or to what extent; the methods used to implement the measures (e.g., the 
reliance on unreliable visual inspection to control imports); and the fact that non-carnation hosts of 
B. caryophylli  are  not  addressed.  However,  since  the  occurrence  of  this  disease  has  been  rarely 
reported in these other crops, which are commonly propagated by seed, the Panel considers that the 
extension of current measures to limonium, lisianthus and gypsophila would not result in a significant 
reduction of risk. 
In the current situation, the relevant contribution to reducing the risk of B. caryophylli in carnation 
derives from the general hygiene practices applied in the European voluntary certification schemes 
(EPPO, 2002; EFSA, in press). In addition, cuttings imported into the EU are mainly derived from 
mother plants grown and certified within the EU (EFSA, in press). 
The implementation of several risk reduction options could be envisaged in order to make the current 
measures more effective by closing these loopholes. This would entail tightening the EU phytosanitary 
requirements by, supplementing visual inspection with a measure of sampling and testing of mother 
plants  and  imported  cuttings  originating  from  third  countries  where  the  disease  occurs.  These 
measures would further improve the effectiveness of the current regulation. The high effectiveness of 
the current  measures and the cultivation  of carnation under protected cropping systems  with high 
sanitation standards already limit (but do not exclude) the contamination risk from other carnation 
crops. 
Non-carnation hosts are likely to have a minor or negligible influence on the B. caryophylli situation 
on carnation, in general, so that extending the current measures to cover these hosts is not expected to 
result in a large improvement in carnation health. 
B. caryophylli is reported to be present in third countries in Asia, where it still causes high crop losses 
(Onozaki et al., 1999; Yagi and Onosaki, 2011; Yagi et al., 2012). If the current EU phytosanitary 
requirements  would  be  removed  and  not  replaced  by  a  voluntary  certification  scheme  including 
absence  of  B. caryophylli,  contamination  of  carnation  crops  by  B. caryophylli  could  be  expected 
particularly  if  plant  propagation  material  is  imported  from  the  areas  of  current  distribution  of 
B. caryophylli in Asia, with ensuing detrimental effects. 
In contrast, no major consequences or changes in the potential impact of B. caryophylli would be 
expected  if  the  current  EU  phytosanitary  requirements  were  to  be  removed  but  a  voluntary 
certification scheme  including additional testing  for  B. caryophylli were to be used (EPPO, 2002, 
2006), together with the current strict hygiene practices in the propagation sites (Accati and Garibaldi, 
1974; Fletcher, 1984). Uncertainties are medium owing to the lack of information on the extent of 
application of certification schemes for carnation plant propagation material outside the EU. Burkholderia caryophylli pest risk assessment  
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Category of options  Type  of  measure  (see 
guidance for details) 
Brief description of the 
RRO 
Effectiveness   Technical 
feasibility 
Uncertainty  Comments 
Options  for 
consignments  
Prohibition of all susceptible 
plants  and  plant  products, 
except seeds, into the EU 
  High  Low  Low  Effective for all pathways. 
No compliance with ISPM 1 
Options  for 
consignments 
Absence  of  the  pest: 
inspection and testing 
Testing of mother plants 
and/or cuttings 
High  High  Moderate  Effective if applied on all mother plants. 
Feasibility is low for cuttings at BIPs. 
Options  for 
consignments 
Prohibition  of  parts  of  the 
host or of specific genotypes 
of the host 
Not  relevant  because  no 
resistant  genotype 
available 
       
Options  for 
consignments 
Pre-entry  or  post-entry 
quarantine system 
For  breeding  and 
research material 
Low to high  High  Low  Effectiveness  low  if  relying  on  visual 
inspection. Effectiveness and feasibility 
high  for  nuclear  stock  (low  number  of 
plants) Not feasible for plant products 
Options  for 
consignments 
Phytosanitary certificates and 
other compliance measures 
Plant  certificate  and 
passport  for  mother 
plants and cutting lots 
Low to high  High  Low  If based on robust testing procedures and 
rigorous  sampling,  the  effectiveness 
would  be  high.  Low  effectiveness  if 
based on visual inspection only 
Options  for 
consignments 
Preparation  of  the 
consignment 
Not relevant         
Options  for 
consignments 
Specified  treatment  of  the 
consignment/  Reducing  pest 
prevalence  in  the 
consignment 
Not relevant        No curative treatment available for this 
disease 
Options  for 
consignments 
Restriction  on  commodities, 
period  of  entry,  distribution 
and end use 
Restriction  of 
importation  to  cut 
flowers and potted plants 
only 
Very low  Very low  Low  Cut  flowers  and  potted  plants  are  end 
use materials, not used  for propagation 
purposes, and B. caryophylli is unlikely 
to  survive  the  waste  management 
processes, also because of its biological 
characteristics 
Options  preventing  or 
reducing  infection  in 
the crop  
Treatment of the crop, field, 
or  place  of  production  in 
order  to  reduce  pest 
prevalence  
Not relevant        No  chemical  and  biological  control 
treatment available for this disease 
Options  preventing  or 
reducing infestation in 
the crop  
Resistant  or  less  susceptible 
species/varieties 
Not relevant        No  resistant  or  less  susceptible 
species/varieties  available  having  any 
commercial interest 
Options  preventing  or  Growing  plants  under    Medium  Very high  Low  Already in use in carnation propagation Burkholderia caryophylli pest risk assessment  
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Category of options  Type  of  measure  (see 
guidance for details) 
Brief description of the 
RRO 
Effectiveness   Technical 
feasibility 
Uncertainty  Comments 
reducing  infection  in 
the crop 
exclusion  conditions 
(glasshouse,  screen, 
isolation) 
premises 
Options  preventing  or 
reducing  infection  in 
the crop 
Harvesting  of  plants  at  a 
certain  stage  of  maturity  or 
during  a  specified  time  of 
year 
Not relevant         
Options  preventing  or 
reducing  infection  in 
the crop  
Certification scheme  Plant  certificate  and 
passport  
High  Very high    Effective  if  all  mother  plants  are 
singularly tested according to the EPPO 
certification scheme 
Options  ensuring  that 
the  area,  place  or  site 
of  production  or  crop 
is free from the pest  
Establishment  of  pest-free 
areas 
Pest-free  areas  can  be 
established  where  the 
pest  is  known  not  to 
occur or by eradication of 
the  pathogen  from  an 
area  
High  Low  to 
high 
Low  Effective  if  a  mandatory  surveillance 
scheme is put in place.  
Options  ensuring  that 
the  area,  place  or  site 
of  production  or  crop 
is free from the pest  
Pest-free production site  A production site can be 
maintained free from the 
pathogen  with 
appropriate surveillance  
High  High  Low  Effective  if  a  mandatory  monitoring  is 
implemented  in  the  production  site,  as 
part of a surveillance scheme for the area 
Options  ensuring  that 
the  area,  place  or  site 
of  production  or  crop 
is free from the pest  
Inspections, surveillance  Visual  inspection  of 
plants 
Low to high  Low  to 
moderate 
Low  Occurrence  of  latency  in  bacterial 
development  prevents  detection  by 
visual inspection  
Options for other types 
of pathways  
Natural  spread,  spread 
resulting from human activity 
(people  movement,  transport 
of  machinery,  etc.),  vectors, 
phoresy 
Hygiene best practices  High  High  Low   Burkholderia caryophylli pest risk assessment  
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CONCLUSIONS 
A pest risk assessment for Pseudomonas (Burkholderia) caryophylli (Burkholder) was conducted for 
the  EU  territory  including  an  evaluation  of  risk  reduction  options.  Pseudomonas  (Burkholderia) 
caryophylli (Burkholder) was renamed Burkholderia caryophylli in 1993 (Yabuuchi et al., 1993). 
After consideration of the evidence, the Panel reached the following conclusions: 
B. caryophylli is a single taxonomic species that can be adequately distinguished from other entities of 
the same genus. B. caryophylli could present a potential risk to the risk assessment area, as it is absent 
and has potential for establishment and causing consequences in the risk assessment area. 
With regard to the assessment of the risk to plant health of B. caryophylli for the EU territory: 
Under the scenario of the implementation of current phytosanitary measures, the conclusions of the 
pest risk assessment are as follow: 
Entry 
The likelihood of entry is assessed as very low to low because: 
  Owing to the strict sanitation procedures to be followed during production and certification of 
plants  for  planting  (special  requirements  listed  in  Annex  IV  of  Directive  2000/29/EC;  EPPO, 
2002), the probability of the pathogen being associated with the pathway at origin is very low and 
therefore the entry into the risk assessment area with plant propagation material is very unlikely to 
unlikely. 
  Entry through the pathway of imported cut flowers and potted plants (Dianthus and other host 
plants) is unlikely, because these plants and plant parts are not used for propagation purposes but 
are produced almost exclusively for sale to the final consumers. In addition, it is unlikely that 
B. caryophylli  would  survive  the  waste  management  process,  owing  to  its  biological 
characteristics. 
  Entry through the sphagnum peat pathway is also very unlikely, because there is no evidence in 
the literature that the bacteria associated with this matrix are truly phytopathogenic to carnation or 
other crops and there is no evidence of sphagnum peat import from areas where B. caryophylli is 
reported in this material. 
There is, in general, low uncertainty on the assessment of the probability of entry. The only exception 
is in the case of the sphagnum peat pathway, for which the uncertainty is medium because of the lack 
of pathogenicity studies on the B. caryophylli isolates from sphagnum peat, the lack of information on 
the import of this commodity from countries where this pathogen has been found in sphagnum and, in 
general, the lack of specific studies. 
Establishment 
The likelihood of establishment is assessed as low because: 
  In  open  fields,  the  environmental  conditions  are  not  favourable  to  the  pathogen  and  other 
alternative hosts are, in general, not present. 
  In protected crops, although the environmental conditions are more favourable to the pathogen, 
current cultural practices and general control measures are very effective to keep the crop free 
from possible establishment of the bacterium. 
Uncertainty on the probability of establishment is rated as medium to low. Information is still missing 
on the actual situation of carnation cultivation in Japan, the country where the disease appears to be an 
important threat to carnation production. Also, there is no information on pathogenicity to carnation or 
other host plants of strains from sphagnum peat bogs identified as B. caryophylli. Burkholderia caryophylli pest risk assessment  
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Spread 
Despite  the  possibility  of  latent  infection  of  plants  and/or  cuttings,  which  is  the  recognised  key 
pathway for the spread of this disease, the likelihood of spread is assessed as very low because: 
  Natural dispersal in the soil is very limited, as the pathogen may spread in carnation crops for cut 
flower production only over very short distances, from plant to plant, as a result of handling plants 
or from water splashes. 
  There are no reports of outbreaks or spread of this disease in the EU in recent decades. 
  Certification schemes and sanitation procedures are in place in the EU during the production of 
propagation material.  
  Plant  passporting  for  EU-produced  material  and  surveys  in  EU  production  sites  are  effective 
phytosanitary measures. 
 
Uncertainty on the probability of spread is at this moment rated as medium. The role of wild Dianthus 
spp. or other weeds present in the PRA area as a reservoir for the pathogen has not been investigated. 
Information is missing on the causes of frequent disease outbreaks in Japanese carnation cultivation 
areas. No data are available in the literature on the role of insects as potential vectors of the pathogen. 
Also, it  is not  known  whether and to  what extent unauthorised propagation  of  carnation  varieties 
outside the circuit of registered nurseries, and therefore outside the certification and plant passporting 
schemes, occurs.  
Endangered areas 
Wherever  there  are  areas  suited  for  carnation  production  as  protected  crop,  those  areas  can  be 
considered endangered. Areas with outdoors carnation crops are not considered at risk, although there 
are uncertainties owing to the lack of recent surveys and data from Japan, where B. caryophylli still 
seems to cause problems. 
Consequences 
In the EU, no crop losses and no additional costs due to B. caryophylli have been reported in the last 
25 years; therefore, the impact under current phytosanitary measures is considered as minimal. 
In the absence of specific phytosanitary measures, the impact is expected to be minor to moderate. In 
the absence of any control measure (no certification, no sanitation and poor hygiene in production 
sites), the impact expected would be major. 
There  are  no  indications  of  environmental  consequences  associated  with  B. caryophylli  within  its 
current area of  distribution.  The control  of B. caryophylli has minimal impact on the surrounding 
environment, biodiversity of other (host) plants or soil. 
The uncertainty of the consequences is low, owing to the historical lack of outbreaks of this bacterial 
disease in Europe since 1987. 
With  regard  to  the  risk  reduction  options,  the  Panel  evaluated  the  phytosanitary  measures 
formulated in Council Directive 2000/29/EC and identified additional risk reduction options where 
relevant. 
The risk reduction options identified as associating the best effectiveness and feasibility are those 
addressing the sanitary status of the propagation material. 
The Panel considers that the current EU phytosanitary measures for B. caryophylli in carnation plants 
for planting (Directive 2000/29/EC Annex  IV  A and Annex II, Part A, sections I and II) can be 
evaluated  as  having  an  overall  high  effectiveness. This  analysis  is  supported  by  the  fact  that  the 
disease has not been reported within carnation crops in the EU for several decades (EFSA, in press). Burkholderia caryophylli pest risk assessment  
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However, the uncertainty  is  medium, as it  is  difficult to separate the  effect  of  current  quarantine 
regulations from the effects of the certification schemes and related hygiene and cropping practices. 
Several weaknesses or loopholes in the current measures were identified during the present analysis. 
These  concern  the  quality  standards  (mother  plants  tested  only  once  in  two  years,  entailing 
recontamination risks); the fact that it is not clear which kind of mother plants should be analysed, nor 
at which stage of production or to what extent; the methods used to implement the measures (e.g., the 
reliance on unreliable visual inspection to control imports); and the fact that non-carnation hosts of 
B. caryophylli  are  not  addressed.  However,  since  the  occurrence  of  this  disease  has  been  rarely 
reported in these other crops, which are commonly propagated by seed, the Panel considers that the 
extension of current measures to statice, lisianthus and gypsophila would not result in a significant 
reduction of risk. 
The implementation of several risk reduction options could be envisaged in order to make the current 
measures more effective by closing these loopholes. This would entail tightening the EU requirements 
by supplementing  visual  inspection  with a  measure  of sampling and testing  of  mother plants and 
imported cuttings originating from third countries where the disease occurs. These measures would 
further  improve  the  effectiveness  of  the  current  regulation.  The  high  effectiveness  of  the  current 
measures  and  the  cultivation  of  carnation  under  protected  cropping  systems  with  high  sanitation 
standards already limit (but do not exclude) the contamination risk from other carnation crops. 
B. caryophylli is reported to be present in third countries in Asia, where it still causes high crop losses. 
If the current EU phytosanitary requirements were to be removed and not replaced by a voluntary 
certification including absence of B. caryophylli, a return to a high prevalence of B. caryophylli in 
carnation crops is expected, with ensuing detrimental effects, particularly if plant propagation material 
is imported from the areas of current distribution of B. caryophylli in Asia. 
In contrast, no major consequences or changes in the potential impact of B. caryophylli would be 
expected,  if  the  current  EU  phytosanitary  requirements  were  to  be  removed  but  a  voluntary 
certification scheme  including additional testing  for  B. caryophylli were to be used (EPPO, 2002, 
2006), together with the current strict hygiene practices in the propagation sites (Accati and Garibaldi, 
1974; Fletcher, 1984). Uncertainties on this assessment are, however, medium, owing to the lack of 
information  on  the  extent  of  application  of  certification  schemes  for  carnation  plant  propagation 
material outside the EU. 
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APPENDICES  
A.  RATINGS AND DESCRIPTORS 
In order to follow the principle of transparency as described under Paragraph 3.1 of the Guidance 
document  on  the  harmonised  framework  for  risk  assessment  (EFSA,  2010)—“…Transparency 
requires that the scoring system to be used is described in advance. This includes the number of 
ratings, the description of each rating… the Panel recognises the need for further development…‖— 
the Plant Health Panel has developed specifically for this opinion rating descriptors to provide clear 
justification when a rating is given.  
1.  Ratings used in the conclusion of the pest risk assessment 
In  this  opinion  of  EFSA‘s  Plant  health  Panel  on  the  risk  assessment  of  B. caryophylli  in  the  EU 
territory and identification and evaluation of risk reduction options, a rating system of five levels with 
their  corresponding  descriptors  has  been  used  to  formulate  separately  the  conclusions  on  entry, 
establishment, spread and impact as described in the following tables. 
1.1.  Rating of probability of entry 
Rating  for 
entry 
Descriptors for B. caryophylli  
Very unlikely  The likelihood of entry would be very low because the pest:  
  is not or only very rarely associated with the pathway at the origin; 
and/or  
  cannot survive during transport or storage;  
1.11.  and/or 
  cannot survive the current pest  management procedures existing  in the risk 
assessment area;  
and/or  
  cannot transfer to a suitable host in the risk assessment area.  
Unlikely  The likelihood of entry would be low because the pest:  
  is rarely associated with the pathway at the origin;  
and/or  
  survives at a very low rate during transport or storage;  
and/or  
  is strongly limited by the current pest management procedures existing in the 
risk assessment area;  
1.12.  and/or  
  has  considerable  limitations  for  transfer  to  a  suitable  host  in  the  risk 
assessment area. Burkholderia caryophylli pest risk assessment  
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Rating  for 
entry 
Descriptors for B. caryophylli  
Moderately 
likely 
The likelihood of entry would be moderate because the pest:  
  is relatively frequently associated with the pathway at the origin;  
and/or  
  survives at a low rate during transport or storage;  
and/or  
  can be affected by the current pest management procedures existing in the risk 
assessment area;  
1.13.  and/or  
  has some limitations for transfer to a suitable host in the risk assessment area. 
Likely  The likelihood of entry would be high because the pest:  
  is regularly associated with the pathway at the origin;  
and/or  
  mostly survives during transport or storage; 
and/or  
  is only partially affected by the current pest management procedures existing 
in the risk assessment area;  
1.14.  and/or  
  has very few limitations for transfer to a suitable host in the risk assessment 
area. 
Very likely  The likelihood of entry would be very high because the pest:  
  is very frequently associated with the pathway at the origin;  
and/or  
  survives during transport or storage;  
and/or  
  is not affected by the current pest management procedures existing in the risk 
assessment area;  
1.15.  and/or  
  has no limitations for transfer to a suitable host in the risk assessment area. 
1.2.  Rating of probability of establishment 
Rating  for 
establishment 
Descriptors for B. caryophylli  
Very unlikely  The likelihood of establishment would be very low because of (1) absence or 
very limited availability of host plants; or (2) environmental conditions that are 
unsuitable; and/or (3) other considerable obstacles to establishment occur.  
Unlikely  The likelihood of establishment would be low because, even though the host 
plants are present in the risk assessment area, the environmental conditions are 
mostly unsuitable and/or other obstacles to establishment occur. 
Moderately 
likely 
The likelihood of establishment would be  moderate because, even though the 
host plants are present in the risk assessment area, the environmental conditions 
are frequently unsuitable and/or other obstacles to establishment may occur.  Burkholderia caryophylli pest risk assessment  
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Likely  The likelihood of establishment would be high because host plants are frequently 
present  in  the  risk  assessment  area,  environmental  conditions  are  frequently 
suitable and no other obstacles to establishment occur.  
Very likely  The likelihood of establishment would be very high because the host plants are 
frequently  present  in  the  risk  assessment  area,  environmental  conditions  are 
generally suitable and no other obstacles to establishment occur. Alternatively, 
the pest has already established in the risk assessment area. 
1.3.  Rating of probability of spread 
Rating  for 
spread 
Descriptors for B. caryophylli  
Very unlikely  The likelihood of spread would be very low because the pest: 
  has  only  one,  specific  way  to  spread  (e.g.,  a  specific  vector)  which  is  not 
present in the risk assessment area; 
and/or  
  highly effective barriers to spread exist; 
and/or  
  the host is not or only occasionally present in the area of possible spread. 
Unlikely  The likelihood of spread would be low because the pest: 
  has  one  to  a  few  specific  ways  to  spread  (e.g.,  specific  vectors)  and  their 
occurrence in the risk assessment area is occasional; 
and/or  
  effective barriers to spread exist; 
and/or  
  the host is not frequently present in the area of possible spread. 
Moderately 
likely 
The likelihood of spread would be moderate because the pest: 
  has few, specific ways to spread (e.g., specific vectors) and their occurrence in 
the risk assessment area is limited; 
and/or  
  effective barriers to spread sometimes exist; 
and/or  
the host is moderately present in the area of possible spread. 
Likely  The likelihood of spread would be high because the pest: 
  has some, unspecific ways to spread, which occur in the risk assessment area; 
and/or  
  no effective barriers to spread exist; 
and/or  
  the host is usually present in the area of possible spread. Burkholderia caryophylli pest risk assessment  
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Very likely  The likelihood of spread would be very high because the pest: 
  has multiple, unspecific and highly effective ways to spread, which all occur in 
the risk assessment area;  
and/or  
  no effective barriers to spread exist; 
and/or  
  the host is widely present in the area of possible spread 
1.4.  Rating of magnitude of the potential consequences 
Rating  of 
potential 
consequences 
Descriptors for B. caryophylli  
Minimal  Differences  in  crop  production  are  within  normal  day-to-day  variation;  no 
additional control measures are required. 
Minor  Crop  production  is  rarely  reduced  or  at  a  limited  level;  additional  control 
measures are rarely necessary. 
Moderate  Crop production is  occasionally reduced at a limited level; additional control 
measures are occasionally necessary. 
Major  Crop production is frequently reduced at a significant level; additional control 
measures are frequently necessary. 
Massive  Crop production is always or almost always reduced at a very significant level 
(severe crop losses which compromise the harvest); additional control measures 
are always necessary. 
 
2.  Ratings used for the evaluation of the risk reduction options 
The Panel  developed the  following ratings  with their corresponding  descriptors for evaluating the 
effectiveness of the risk reduction options to reduce the level of risk. 
2.1.  Rating of the effectiveness of risk reduction options  
Rating   Descriptors for B. caryophylli  
Negligible  The risk reduction option has no practical effect in reducing the probability of 
entry or establishment or spread, or the potential consequences. 
Low  The risk reduction option reduces the probability of entry or establishment or 
spread, or the potential consequences, by a limited extent. 
Moderate  The risk reduction option reduces the probability of entry or establishment or 
spread, or the potential consequences, by a substantial extent. 
High  The risk reduction option reduces the probability of entry or establishment or 
spread, or the potential consequences, by a major extent. 
Very high  The  risk  reduction  option  essentially  eliminates  the  probability  of  entry  or 
establishment or spread, or any potential consequences. 
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2.2.   Rating of the technical feasibility of risk reduction options  
Rating   Descriptors for B. caryophylli  
Negligible  The  risk  reduction  option  is  not  in  use  in  the  risk  assessment  area,  and  the  many 
technical difficulties it has (e.g., need to change or abandon current practices …) make 
its implementation into practice impossible. 
Low  The risk reduction option is not in use in the risk assessment area, and the technical 
difficulties  it  has  make  its  implementation  into  practice  very  difficult  or  nearly 
impossible. 
Moderate  The  risk  reduction  option  is  not  in  use  in  the  risk  assessment  area  but  it  can  be 
implemented, with some technical difficulty. 
High  The  risk  reduction  option  is  not  in  use  in  the  risk  assessment  area  but  it  can  be 
implemented, with limited technical difficulty.  
Very high  The risk reduction option is already in use in the risk assessment area or it can be easily 
implemented, with no significant technical difficulty. 
3.  Ratings used for describing the level of uncertainty  
For  the  risk  assessment  chapter—entry,  establishment,  spread  and  impact—as  well  as  for  the 
evaluation of the effectiveness of the risk reduction options, the level of uncertainty has been rated 
separately, in accordance with the descriptors that have been defined specifically by the Panel in this 
opinion. 
 Rating   Descriptors for B. caryophylli  
Low   No or little information or no or few data missing, incomplete, inconsistent or conflicting. 
No subjective judgement is introduced. No unpublished data are used.  
Medium   Some  information  or  data  missing,  incomplete,  inconsistent  or  conflicting.  Subjective 
judgement is introduced with supporting evidence. Unpublished data sometimes used.  
High   Most  information  or  data  missing,  incomplete,  inconsistent  or  conflicting.  Subjective 
judgement may be introduced without supporting evidence. Unpublished data frequently 
used.  
   Burkholderia caryophylli pest risk assessment  
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B.  REPLIES TO EFSA QUESTIONNAIRE TO MS NPPOS  
Description of the data collection 
In preparing its scientific opinions on the pest risk assessments on Burkholderia caryophylli for the 
EU  territory,  EFSA‘s  Plant  Health  Unit  prepared  a  questionnaire,  in  MS  Excel  format,  on 
Burkholderia  caryophylli.  This  was  sent  to  representatives  of  the  National  Plant  Protection 
Organisations of the 27 EU MSs. The aim of this questionnaire was to confirm the pest status and the 
experience of measures taken against this pathogen in the EU territory to enable the Panel to provide 
advice based on the updated status of this pathogen in the EU MSs. 
The Panel acknowledges the usefulness and quality of the responses received and would like to thank 
all MSs for their interest and input to its current and future work. 
The  questionnaire  on  Burkholderia  caryophylli  was  developed  in  the  context  of  the  harmonised 
questionnaire  on  harmful  organisms  listed  in  Council  Directive  2000/29/EC  Annex  II/A/II.  The 
questionnaires were harmonised to facilitate the reporting activity of the MSs by following the same 
support and answers structure.  
Two types of answers could be provided, the first type in free text and the second type corresponding 
to predefined answers to be chosen from a list. In the case of the latter, guidance and rating descriptors 
are provided in the questionnaire itself. These tables are presented at the end of this opinion. 
The questionnaire on Burkholderia caryophylli consists of seven items distributed on different sheets 
of an Excel file. The questionnaires were prefilled for the MSs with the following information: 
  The contact details of the head of the Chief Plant Health Officer of the NPPO. This information 
was included in the first sheet ―Contact Details‖ 
  Information from the European and Mediterranean Plant Protection Organization (EPPO) Plant 
Quarantine  data  retrieval  system  (PQR)  version  5.5.5540  (19  January  2012)  consulted  on  25 
February 2012 PQR database of EPPO. When information was available the relevant parts of the 
questionnaire have been prefilled. 
The questionnaires were sent out on 12 March 2012 and 16 March 2012. After extension the deadline 
for  answering  was  the  24  April  2012.  However  some  answers  were  received  after  the  indicated 
deadline. In this appendix, the answers received up to November 2012 have been considered. 
Each questionnaire was checked for the consistency of its answers. If necessary, free text answers 
were  categorised  according  to  the  ratings  and  their  descriptors  provided  together  with  the 
questionnaire. All the resulting questionnaires were transferred to a single database. 
Data analysis 
The  main  objective  of  this  data  analysis  was  the  collection  of  information  on  the  presence  and 
prevalence of Burkholderia caryophylli and its hosts plants in the EU.  
The data analysis is mainly descriptive, summarising the information provided by the individual MSs. Burkholderia caryophylli pest risk assessment  
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Results 
Response rate 
Table 6:   Responses of the Member States and their coverage 
EU Member State  Abbreviation  Replied 
Yes, 
coverage 
No 
Austria  AT    Missing 
Belgium  BE  National   
Bulgaria  BG  National   
Cyprus  CY    Missing 
Czech Republic  CZ  National   
Denmark  DK  National   
Estonia  EE    Missing 
Finland  FI  National   
France  FR    Missing 
Germany  DE  National   
Greece  GR    Missing 
Hungary  HU  National   
Ireland  IE    Missing 
Italy  IT  National   
Latvia  LV  National   
Lithuania  LT    Missing 
Luxembourg  LU    Missing 
Malta  MT  National   
Netherlands  NL  National   
Poland  PL    Missing 
Portugal  PT    Missing 
Romania  RO  National   
Slovakia  SK  National   
Slovenia  SI  National   
Spain  ES    Missing 
Sweden  SE    Missing 
United Kingdom  GB  National   
Total  N =  15  12 
  100 %  55.6 %  44.4 % 
 
EEA/EFTA countries  Not included 
Iceland  IS     
Liechtenstein  LI     
Norway  NO     
Switzerland  CH     Burkholderia caryophylli pest risk assessment  
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Table 7:   Response rate due to different weightings 
EU Member State  Reply  Total area  Total area of 
agricultural holdings 
Total area of utilised 
land 
Name  Abbr.   
km²  %  km²  %  km²  % 
Austria  AT  Missing  83 214  1.93 %  68 538  3.18 %  31 891  1.85 % 
Belgium  BE    30 328  0.70 %  14 053  0.65 %  13 744  0.80 % 
Bulgaria  BG    111 002  2.58 %  40 875  1.90 %  30 507  1.77 % 
Cyprus  CY  Missing  9 250  0.21 %  1 800  0.08 %  1 460  0.08 % 
Czech Republic  CZ    77 246  1.79 %  50 322  2.34 %  35 181  2.04 % 
Denmark  DK    43 098  1.00 %  29 776  1.38 %  26 626  1.54 % 
Estonia  EE  Missing  43 432  1.01 %  12,194  0.57 %  9 068  0.53 % 
Finland  FI    304 086  7.07 %  63 268  2.94 %  22 923  1.33 % 
France  FR  Missing  632 834  14.70 %  289 492  13.44 %  274 769  15.93 % 
Germany  DE    357 108  8.30 %  186 855  8.67 %  169 319  9.82 % 
Greece  GR  Missing  130 822  3.04 %  44 028  2.04 %  40 762  2.36 % 
Hungary  HU    93 029  2.16 %  60 036  2.79 %  42 286  2.45 % 
Ireland  IE  Missing  68 394  1.59 %  44 149  2.05 %  41 392  2.40 % 
Italy  IT    295 114  6.86 %  178 415  8.28 %  127 442  7.39 % 
Latvia  LV    62 290  1.45 %  28 484  1.32 %  17 738  1.03 % 
Lithuania  LT  Missing  62 678  1.46 %  29 082  1.35 %  26 490  1.54 % 
Luxembourg  LU  Missing  2 586  0.06 %  1 381  0.06 %  1 309  0.08 % 
Malta  MT    316  0.01 %  117  0.01 %  103  0.01 % 
Netherlands  NL    33,756  0.78 %  20 748  0.96 %  19 143  1.11 % 
Poland  PL  Missing  312,685  7.26 %  180 987  8.40 %  154 772  8.97 % 
Portugal  PT  Missing  92 118  2.14 %  44 084  2.05 %  34 729  2.01 % 
Romania  RO    229 973  5.34 %  152 647  7.09 %  137 531  7.97 % 
Slovakia  SK    49 035  1.14 %  30 550  1.42 %  19 366  1.12 % 
Slovenia  SI    20, 141  0.47 %  9 212  0.43 %  4 888  0.28 % 
Spain  ES  Missing  505, 87  11.76 %  331 622  15.40 %  248 925  14.43 % 
Sweden  SE  Missing  410 335  9.53 %  70 663  3.28 %  31 180  1.81 % 
United 
Kingdom 
GB    
243 154  5.65 %  170,589  7.92 %  161,305   9.35 % 
Total    27  4 304 011  100 %  2 153 965  100 %  1 724 851  100 % 
Response  km²  15  1 949 676 
 
1 035 947 
 
828 102    
Non-response  km²  12  2 354 335 
 
1 118 018 
 
896 748    
Response   %  55.6 %  45.3 % 
 
48.1 % 
 
48.0 %    
Non-response   %  44.4 %  54.7 %    51.9 %    52.0 %    
Data source: Eurostat 2011 (demo_r_d3area (2006-07) and ef_lu_oovcropaa (2007)/Yearbook 2011). 
 
The following answers will summarise the situation in 15 MSs (=55.6 %) representing about 45 % of 
the EU area and 48 % % of the total utilised land. 
 Burkholderia caryophylli pest risk assessment  
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Pest 
Table 8:   Importance of Burkholderia caryophylli in the past, present and future 
Pest relevance  In the last 10 years  Currently  Expectation for the next five 
years 
Development 
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Burkholderia caryophylii   15  13  2  0  0  15  14  1  0  0  14  12  2  0  0  0  1  0 
  87 %  13 %  0 %  0 %  15  93 %  7 %  0 %  0 %  14  86 %  14 %  0 %  0 %       
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Relevance of the pest in time 
The trend for the next five years is expected as follows 
Table 9:   Importance of Burkholderia caryophylli in the past, present and future in each Member 
State 
 
In the last 10 years  Currently 
Expectation for the 
next five years 
Malta  Minimal problems  Minimal problems  Minimal problems 
Belgium  No problems  No problems  No problems 
Bulgaria  Minimal problems  No problems  Minimal problems 
Czech 
Republic 
No problems  No problems  No problems 
Denmark  No problems  No problems  No problems 
Finland  No problems  No problems   
Germany  No problems  No problems  No problems 
Hungary  No problems  No problems  No problems 
Italy  No problems  No problems  No problems 
Latvia  No problems  No problems  No problems 
Romania  No problems  No problems  No problems 
Slovakia  No problems  No problems  No problems 
Slovenia  No problems  No problems  No problems 
The 
Netherlands 
No problems  No problems  No problems 
United 
Kingdom 
No problems  No problems  No problems Burkholderia caryophylli pest risk assessment  
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Hosts 
Table 10:   Importance of host plants in the Member States 
Host importance
1  In crop production (open air or protected cultivations, 
orchards or vineyards or forests) 
In nurseries (for production of plant propagation 
material) 
In private gardens, urban sites or other sites (e.g., storehouses, 
markets, border stations or transport) 
Total MS 
answers 
Absent  Only 
local 
Only 
regional 
Nationwide  Total MS 
answers 
Absent  Only 
local 
Only 
regional 
Nationwide  Total MS 
answers 
Absent  Only 
local 
Only 
regional 
Nationwide 
Dianthus 
caryophyllus 
(carnation) 
11  36 %  36 %  9 %  18 %  12  33 %  25 %  17 %  25 %  13  15 %  23 %  15 %  38 % 
Eustoma 
grandiflorum 
(Lisianthus) 
9  56 %  22 %  11 %  11 %  10  40 %  20 %  20 %  20 %  9  22 %  22 %  22 %  33 % 
Gypsophila 
paniculata  (baby‘s 
breath) 
10  30 %  40 %  10 %  20 %  10  20 %  40 %  20 %  20 %  11  18 %  18 %  9 %  45 % 
Limonium sinuatum 
(statice) 
10  40 %  40 %  10 %  10 %  10  30 %  40 %  20 %  10 %  10  20 %  20 %  20 %  40 % 
   Burkholderia caryophylli pest risk assessment  
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Presence of the pest 
Table 11:   List of pest–host combinations reported to be present or present in the past 
Host  Region  Production type  Protection   Year of first 
detection  
Current 
distribution 
Remarks 
Burkholderia caryophylli 
Dianthus 
caryophyllus 
(carnation) 
Italy  Several sites  NA    Absent,  pest  no 
longer present 
 
Eustoma 
grandiflorum 
(Lisianthus) 
Italy  Several sites  NA     Absent,  pest  no 
longer present 
 
Gypsophila 
paniculata  (baby‘s 
breath) 
Italy  Several sites  NA    Absent,  pest  no 
longer present 
 
Limonium  sinuatum 
(statice) 
Italy  Several sites  NA    Absent,  pest  no 
longer present 
 
 Burkholderia caryophylli pest risk assessment  
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Table 12:   List of pest–host combinations reported to be absent with no pest record 
Host  Region  Production type  Protection   Year of first 
detection  
Current 
distribution 
Remarks 
Burkholderia caryophylli 
Dianthus  caryophyllus 
(carnation) 
Belgium  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Bulgaria  Crops or orchards or 
forest 
Protected 
conditions 
  Absent,  no  pest 
record 
  
Dianthus  caryophyllus 
(carnation) 
Czech 
Republic 
Several sites  NA    Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Denmark  Nurseries  Both  open  and 
protected 
  Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Finland        Absent,  no  pest 
record 
There is no pest records at least for some decades 
Dianthus  caryophyllus 
(carnation) 
Germany  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Hungary        Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Latvia  Several sites      Absent,  no  pest 
record 
 
Dianthus  caryophyllus 
(carnation) 
Malta        Absent,  no  pest 
record 
No information is available of any past findings of 
this organism in Malta 
Dianthus  caryophyllus 
(carnation) 
Slovakia  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
  
Eustoma  grandiflorum 
(Lisianthus) 
Belgium  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 
Eustoma  grandiflorum 
(Lisianthus) 
Czech 
Republic 
Several sites  NA    Absent,  no  pest 
record 
 
Eustoma  grandiflorum 
(Lisianthus) 
Denmark  Nurseries  Both  open  and 
protected 
  Absent,  no  pest 
record 
 
Eustoma  grandiflorum 
(Lisianthus) 
Germany  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 
Eustoma  grandiflorum 
(Lisianthus) 
Latvia  Several sites      Absent,  no  pest 
record 
 
Eustoma  grandiflorum 
(Lisianthus) 
Malta        Absent,  no  pest 
record 
No information is available of any past findings of 
this organism in Malta 
Gypsophila  paniculata 
(baby‘s breath) 
Belgium  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 Burkholderia caryophylli pest risk assessment  
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Host  Region  Production type  Protection   Year of first 
detection  
Current 
distribution 
Remarks 
Gypsophila  paniculata 
(baby‘s breath) 
Czech 
Republic 
Several sites  NA    Absent,  no  pest 
record 
 
Gypsophila  paniculata 
(baby‘s breath) 
Denmark  Storehouses  or 
markets 
NA    Absent,  no  pest 
record 
 
Gypsophila  paniculata 
(baby‘s breath) 
Germany  Crops or orchards or 
forest 
    Absent,  no  pest 
record 
 
Gypsophila  paniculata 
(baby‘s breath) 
Latvia  Several sites      Absent,  no  pest 
record 
 
Gypsophila  paniculata 
(baby‘s breath) 
Malta        Absent,  no  pest 
record 
No information is available of any past findings of 
this organism in Malta 
Limonium sinuatum (statice)  Belgium  Crops or orchards or 
forest 
     Absent,  no  pest 
record 
 
Limonium sinuatum (statice)  Czech 
Republic 
Several sites  NA    Absent,  no  pest 
record 
 
Limonium sinuatum (statice)  Denmark  Several sites  NA    Absent,  no  pest 
record 
 
Limonium sinuatum (statice)  Germany  Crops or orchards or 
forest 
     Absent,  no  pest 
record 
 
Limonium sinuatum (statice)  Latvia  Several sites       Absent,  no  pest 
record 
 
Limonium sinuatum (statice)  Malta         Absent,  no  pest 
record 
No information is available of any past findings of 
this organism in Malta Burkholderia caryophylli pest risk assessment  
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Pest surveys 
Table 13:   List of pest–host combinations reported to be absent, confirmed by a survey 
Host  Region  Production type  Protection (open air/protected cultivation)  Year of first detection  Current distribution  Remarks 
Burkholderia caryophylli 
Dianthus caryophyllus (carnation)  The Netherlands           Absent, confirmed by survey   
Table 14:   List of surveys for specific pests 
Host  Region  Production type  Year of latest survey  Name of survey/control programme/certification scheme  Remarks 
Burkholderia caryophylli 
Multiple hosts  Czech Republic  Nurseries  2012  Official surveillance  In glasshouses 
Multiple hosts  Denmark  Nurseries    Official plant health inspection programme, all plants for planting  No additional survey 
Dianthus caryophyllus (carnation)  The Netherlands  Multiple locations  2011  Fytobewaking   Burkholderia caryophylli pest risk assessment  
 
EFSA Journal 2013; 11(1):3071  80 
Impact and measures per host and type of production 
Table 15:   List of impact and measures applied on specific pest–host combinations 
Host  Region  Production 
type 
Protection  Year  Impact 
(yield 
and/or 
quality loss) 
Category of 
control 
measure 
applied 
Please 
specify the 
measure 
applied 
Effectiveness  Implementation  Remarks 
Burkholderia caryophylli 
Dianthus 
caryophyllus 
(carnation) 
Belgium        Minimal          In  general,  impact  is 
considered to be minimal and 
no  specific  measures  are 
foreseen/applied 
Dianthus 
caryophyllus 
(carnation) 
Czech 
Republic 
Several sites  NA      No  measure/not 
applicable 
       
Eustoma 
grandiflorum 
(Lisianthus) 
Czech 
Republic 
Several sites  NA      No  measure/not 
applicable 
       
Gypsophila 
paniculata 
(baby‘s breath) 
Czech 
Republic 
Several sites  NA      No  measure/not 
applicable 
       
Limonium 
sinuatum (statice) 
Czech 
Republic 
Several sites  NA      No  measure/not 
applicable 
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C.  REPORT ON EXTENSIVE LITERATURE SEARCH CONDUCTED BY FERA 
EXTERNAL SCIENTIFIC REPORT 
Extensive literature search: Pseudomonas (Burkholderia) caryophylli 
Neil Parkinson, John Elphinstone and Helen Anderson.   
Food and Environment Research Agency (FERA), Sand Hutton , York, UK. YO41 1LZ. 
 
SUMMARY 
An extensive literature search was performed on Pseudomonas (Burkholderia) caryophylli to aid the 
answering of specific questions for the review of this organism by an EFSA Working Group. Validly 
published pathogen names as well as pathogen and disease names in common use were identified and 
used to produce a comprehensive literature search.  Searches were conducted using the databases CAB 
Abstracts, Biosis Previews and Web of Knowledge
sm. This was augmented with searches of the 'grey 
literature', including utilisation of national and regional plant protection organisation databases (NPPO 
and RPPO).  A selection process using further search terms grouped the references into 4 categories.  
After removal of non-relevant references the totals allocated to each group were Distribution (15), 
Control (35), Disease Impact (8) and Environmental Impact (13).  References were collated using the 
EndNote X4 reference program manager program produced by Thomson Reuters and additional ‗grey 
literature‘ provided as appropriate files. 
KEY WORDS 
EFSA, Literature search, Burkholderia caryophylli, Pseudomonas caryophylli, Bacterial stem crack, 
Bacterial stem crack of carnation, Carnation bacterial wilt 
DISCLAIMER    
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried 
out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), 
awarded following a tender procedure. The present document is published complying with the transparency principle to 
which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety 
Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present 
document, without prejudice to the rights of the authors. 
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BACKGROUND  PROVIDED BY EFSA 
To satisfy the requests for scientific advice that the Panel on Plant Health of the European Food Safety 
Authority receives from the European Commission, and particularly when undertaking or evaluating 
the  pan-European  pest  risk  assessments,  the  Panel  performs  preparatory  work  consisting  of  data 
collection  from  EU  Member  States  and  third  countries  and  of  extensive  search  of  scientific  and 
technical literature. 
This contract relates to preparatory work  of  data collection and  extensive search  of scientific and 
technical literature to support the PLH Panel in conducting and evaluating pan-European pest risk 
assessment. 
TERMS OF REFERENCE PROVIDED BY EFSA 
The aim of this call for tender is to select contractors with relevant experience to collect, collate and 
analyse the scientific data and to perform extensive search of scientific and technical literature in the 
field of plant health. The data collection and extensive literature searches constitute the basis of the 
preparatory work to support the EFSA‘s PLH Panel to develop the scientific opinions in the context of 
the future plant health mandates allocated to the Panel. 
Considering that the preparatory work follows a systematic approach using a defined methodology for 
data collection and literature searches, it contributes to reducing the uncertainties and to identifying 
the knowledge gaps. The low quality and/or unavailability of data and scientific evidence are potential 
sources of uncertainties for the risk assessment as addressed in the guidance documents of the EFSA 
Scientific Committee
(1,  2) and of the EFSA PLH Panel
 (3, 4). The quality of this preparatory work to 
support the PLH Panel in the development of the scientific opinions is critical to ensure the high 
standard of the scientific advice provided to requestors of the mandates within the remit of PLH. 
Upon specific request from EFSA PLH Unit the contractor will receive single assignments to perform 
preparatory  work  to  support  the  PLH  Panel  in  conducting  and  evaluating  pan-European  pest  risk 
assessments for the scientific opinions. For each assignment EFSA will provide the contractor with the 
specifications  of the tasks to be performed  (i.e. subject under assessment, for which an  extensive 
literature search and/or a data collection must be performed) in the context of the related mandate. 
  
 
 
 
 
 
1  EFSA  Scientific  Committee  (SC)  (2009).  Guidance  of  the  Scientific  Committee  on  transparency  in  the 
scientific aspects of risk assessment carried out by EFSA. Part 2: general principles. EFSA Journal 1051: 1-22. 
2 EFSA Scientific Committee (SC) (2006). Transparency in risk assessment carried out by EFSA: Guidance 
Document on procedural aspects. EFSA Journal 353, 1-16. 
3 EFSA Panel on Plant Health (PLH) (2009); Guidance of the Panel on plant Health on the evaluation of pest risk 
assessments and risk management options prepared by third parties to justify requests for phytosanitary measures 
under Council Directive 2000/29/EC. EFSA Journal 2654, 1-18. 
4 EFSA Panel on Plant Health (PLH) (2010); Guidance on a harmonised framework for pest risk assessment and 
the identification and evaluation of pest risk management options by EFSA. EFSA Journal 1495, 1-66. Appendix C: Extensive literature search Burkholderia caryophylli   
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LOT 1: Extensive literature search 
The extensive search of scientific and technical evidence needed by EFSA could cover one or more 
steps  of  the  pest  risk  analysis  process  as  defined  in  ISPM  11
5 and  in  EFSA  PLH  Guidance  (i.e. 
information on plant pests, cultivated and wild host plants, trade, pathways of entry and/or spread, 
agricultural practices, pest control, pest consequences, risk reduction measures etc.). 
An extensive literature search is a literature search structured in a way to identify as many relevant 
studies as possible. The fundamental aspects of an extensive literature search are the tailored search 
strategy/ies  (i.e.  combination  of  search  terms  and  Boolean  operators)  and  the  extensive  list  of 
information sources used (i.e. bibliographic databases and  other sources such as Journal tables  of 
content etc). The process of extensive literature search is a fundamental step of the systematic review 
process. The output of extensive literature search is an extensive collection of evidence (to be screened 
for  relevance).  An  extensive  literature  search  followed  by  a  study  selection  process  should  be 
performed by the contractor, to produce a set of relevant evidence. 
Overall objectives of Lot 1: 
The overall objectives for Lot 1 of the contract resulting from the present procurement procedure is to 
ensure that all relevant evidence addressing the topic of each assignment is identified, screened and 
provided to EFSA. The overall process and its results should be clearly documented and reported, in 
order to allow transparency and reproducibility. 
For each assignment the contractor should  carry out  extensive literature searches in line  with the 
relevant steps described  in EFSA Guidance
6  on systematic reviews and food and feed safety risk 
assessment to identify and retrieve al related evidence and data published in scientific and technical 
literature. The  range  of  information  sources  searched  should  be  broad,  including  at  least  relevant 
bibliographic  databases,  peer  reviewed  journals,  technical  reports,  MSc  thesis,  PhD  thesis, 
Proceedings of conferences and any other source relevant to the subject under assessment. 
The contractor should screen the results of the  extensive  literature search  in  order to provide the 
relevant information to EFSA. 
The contractor should collate the information retrieved and a report on the literature search process 
should be prepared. References not considered pertinent after the screening process should be listed 
and reasoning should be provided why these references were not considered pertinent. 
 
 
 
 
 
 
5  FAO  (Food  and  Agriculture  Organization  of  the  United  Nations)  2009.  International  standards  for 
phytosanitary measures 1 to 32 (2009 edition). ISPM No 11 Pest risk analysis for quarantine pests including 
analysis of environmental risks and living modified organisms (2004), Rome, p140-166  
6 European Food Safety Authority, 2010. Application of systematic review methodology to food and feed safety 
assessments to support decision making. EFSA Journal 2010; 8(6): 1637 [90pp.] 
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This contract/grant was awarded by EFSA to:  
The Food and Environmental Research Agency (FERA) 
Data collection and extensive literature search to support the pan-european pest risk assessment for the 
PLH panel scientific opinions. 
Lot 1: Extensive Literature Search 
Contract/grant number: CT/EFSA/PLH/2011/03 
INTRODUCTION, AIMS AND OBJECTIVES 
 
The aim of the work is to perform an extensive search of the scientific and technical literature to 
identify as many relevant studies as possible for P. caryophylli, and to collect and collate the scientific 
data as specified in the Tender Specifications (CFT/EFSA/PLH/2011/02) and subsequent agreements 
with EFSA. 
The objective of the search will be to ensure that all relevant evidence addressing P. caryophylli is 
identified, screened and provided to EFSA in an acceptable format. 
 
Four specific questions to be answered by the searches are: 
   
1.  Where is the pest present in the EU       
 Data on the presence of these pests within the EU will be obtained from peer reviewed 
journals and other searchable sources.  
 
2.    What is the impact on crops? 
 All papers containing  information  on  impacts should be  included  in the  extensive 
literature search.  Where the information is available and where possible separate into 
two categories: 
-  quantitative data 
-  qualitative data 
 
3.  What is the environmental impact? 
 All papers containing  information  on  impacts should be  included  in the  extensive 
literature search.  Where the information is available and where possible separate into 
two categories: 
-  quantitative data 
-  qualitative data 
 
4.     What are the available control methods, including information on the effectiveness? 
  Information  on  all  control  methods  (chemical,  biological,  physical  and  cultural) 
including IPM is required. 
   
 
METHODS 
 
Two plant pathology experts were involved in screening and reviewing the titles and abstracts of the 
literature on  Pseudomonas caryophylli. One person  was responsible for searching for the selected 
references for the questions posed by EFSA. The selected results for each question were then carefully 
scrutinised by the other expert to provide the second opinion. 
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The concepts captured in the search strategy are listed below.  The search strategy - defined in terms 
of a combination of search terms employed for the pest (scientific and common names) and for the 
questions- is provided in the Appendix.  
Search terms and search strategy 
 
1. Terms used for identification of Pseudomonas caryophylli references and taxonomic notes. 
In addition to nomenclatural review of validly published species names from taxonomic journals, the 
following sources were used to identify alternative species and disease names in common use: Fera 
Plant Health Information Warehouse, CABI Crop Protection Compendium, CABI Thesaurus and the 
EPPO Datasheet. Search terms used to compile the references are listed in Table 1 below. 
 
Table 1:   Terms (Species names, common names, disease names and synonyms) used to identify 
primary references. 
                 
1) Caryophylli 
2) Burkholderia caryophylli 
3) Pseudomonas caryophylli 
4) Bacterial stem crack 
5) Bacterial stem crack of carnation  
6) Carnation bacterial wilt 
 
                 
 
 
The following notes provide a time course of the developing taxonomy of the pathogen and related 
species.  Based  on  16S  ribosomal  sequencing,  DNA  homology  analysis  and  phenotypic 
characterisation Pseudomonas caryophylli was transferred to a novel genus- Burkholderia 20 years 
ago, along with six other species previously included in Pseudomonas  (Yabuuchi et al, 1992).  Since 
then the number of species in the genus has increased to close to 40.  In addition to B. caryophylli 
several  other  species  in  the  genus  are  plant  pathogens  including  B.  andropogonis, B.  gladioli, B. 
plantarii  and B. glumae.  The recent review by Compant et al. (2008), lists over 80 plant species as 
hosts for the genus.  Whilst carnation is the best known host of B. caryophylli the pathogen also causes 
onion  rot  (Palleroni,  1984).    Over  50  hosts  are  known  for  B.  andropogonis  including  carnation. 
Phylogenetic analysis using the recA locus has found close relatedness between B. caryophylli, the rice 
pathogen B. glumae and B. glathei (Payne et al., 2005).  
 
 
 
2. Additional search terms for grouping primary references into the four specified categories. 
 
The  tables  below  detail  the  search  terms  used  to  answer  the  specific  questions  required  for  this 
contract: 1) Presence in the EU (Table 2); 2) Impact on crops (Table 3), 3) Impact on the environment 
(Table 4) and 4) Control methods for this organism (Table 5). 
These terms were selected by specialist pest management scientists in consultation with the customer. 
Some of the minor terms yielded few or no hits, but are included to demonstrate this aspect had been 
searched for completeness.  
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2.1 Search strategy for Question 1. - Presence in the EU 
Table 2:   Terms used to search for information regarding presence of Pseudomonas caryophylli in 
the EU 
                 
1. All EC countries by name – see Appendix 
3. Europe 
5. Distribution 
7. Occurrence 
9. Phytosanitary 
11 Prevalence 
13. First description 
15. First Notification 
17. Biogeography 
 
2. All European regions by name – see Appendix 
4. Palearctic / Palaearctic 
6. Introduction 
8. Outbreak 
10. Presence 
12. Spread 
14. First discovery 
16. First report 
18. Geography 
                 
 
 
2.2 Search strategy for Question 2. – Impact on crops 
Table 3:    Terms used to search for information regarding impact of Pseudomonas caryophylli on 
crops 
                 
1. Agrieconomic 
3. Bioeconomic 
5. Crop yield 
7. Disease* 
9. Economic impact 
11. Impact 
13. Quality 
15. Visual 
17. Yield loss 
2. Agroeconomic 
4. Crop loss 
6. Damage 
8. Economic evaluation 
10. Effect* 
12. Management 
14. Symptom* 
16. Yield 
18.  
                 
 
2.3 Search strategy for Question 3. – Impact on environment 
Table 4:   Terms used to search for information regarding impact of Pseudomonas caryophylli on the 
environment 
                 
1. Environment* 
3. Ecolog*  
5. Management   
7. River 
9. Soil 
11. Volunteer 
13. Weed 
15. Agroeconomic* 
2. Environment* adj effect 
4. Impact 
6. Reporting 
8. Secondary host 
10. Survival 
12. Water 
14. Agrieconomic* 
16. Bioeconomic* 
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2.4 Search strategies for Question 4.  – Control Methods 
Table 5:   Terms used to search for information regarding  measures for control  of  Pseudomonas 
caryophylli 
                 
1.Antibiotic  
3. Copper  
5. Cuprous  
7. Antagonistic  
9. Disinfectant 
11.Certification  
13. Validation  
15. Detection,  
17. Pesticide  
19. Fumigation  
21. Management  
23. Resistance  
25. Controlled  
27. Transgenic 
29. Control 
31. Phytosanitary 
2. Antimicrobial 
4. Cupric  
6. Cupr*  
8. Biocontrol 
10. Hygiene 
12. Statutory 
14. Testing 
16. Diagnostic 
18. Humidity 
20. Fungicide 
22. Quarantine 
24. Spraying 
26. Tolerance  
28. Genetically Modified  
30. Eradication 
32. Removal 
                 
 
3.1 Database searches and information sources 
Appropriate databases were identified during the initial scoping study.  
The Fera Information Centre with its access to a wide range of data sources - supporting extensive 
literature  searching  -  was  used  initially  during  the  scoping  study  to  interrogate  databases  on  the 
Athens-mediated OVID host, namely: 
 
CAB Abstracts 1973 to current. 
BIOSIS Previews 1985 to current.  
 
In the final study the searches were repeated with the revised and agreed search terms on the OVID 
host databases. Additional searches were also made using the host ISI Web of Knowledge: WEB OF 
SCIENCE (WOS) ®:   
 
Science Citation Index Expanded (SCI-EXPANDED) 1981 – present,  
Social Sciences Citation Index (SSCI) 1981 – present,  
Arts and Humanities Citation Index (A+HCI) 1981 – present  
Conference Proceedings Citation Index – Science (CPCI-S) 1990 – present. 
 
A three-stage process of 1) Carrying out literature searches, 2) Reading and assessing the relevance of 
abstracts and 3) Deciding, based on the opinions of two experts, which material to include; was carried 
out during both the scoping and final literature search stages by appropriate plant pathology and plant 
health experts. 
 
References were downloaded from the search databases to EndNote. Here abstracts were read by two 
reviewers independently (A & B), in order to select abstracts providing information relevant to the 
questions posed by EFSA. The results of the two reviewers were compared and it was recorded if any 
discussion  on  inclusion  or  rejection  was  necessary.  Non-applicable  abstracts  were  removed  from 
further consideration. This process was repeated for each question separately. Some references were 
relevant to more than one question. Rejected references are stored in separate EndNote files (labelled Appendix C: Extensive literature search Burkholderia caryophylli   
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Not Relevant) so they can be  viewed by EFSA and the relevant  working  group. The  number  of 
references rejected, with reasons, has been noted.  
 
3.2 Search limits  
 
Very few  limits and focuses  were applied to the searches, deliberately to  include as  many useful 
references as possible. A geographical focus, limiting references on occurrence of the pest to those 
pertaining to the EU was the only one imposed. 
 
3.3 Search of additional non-abstracted or ―Grey Literature‖ 
 
Not all information useful to the production of a PRA is available as primary data in peer reviewed 
journals. 
To take account of this a range of other sources have been examined – each time using species search 
terms which had been found to elicit unique responses in the peer reviewed literature.  The search term 
used was ''caryophylli'' 
 
 
Details of the searches are provided in the results section  
RESULTS 
4.1 Overview of database searches 
Results  of  interrogating  the  above  database(s)  for  the  final  study,  revealed  a  total  number  of  59 
(deduplicated) references from CAB Abstracts and Biosis Previews.  An additional 27 references were 
found on the Web of Science database, which were allocated to the four groups after reading the 
abstract. Table 6 summarises the number of references found and their allocation to the four groups.  
Search  terms  and  strategies  are  listed  in  the  Appendix.  Final  collation  of  grouped  references  is 
provided as an EndNote file.  
Not  relevant  references  were  excluded.  These  included,  for  example,  references  regarding  other 
organisms which shared the name caryophylli.   Some references could not be attributed to any of the 
groups - these were largely studies on specialised biochemistry.   
A list of Journals was provided by EFSA and for each reference FERA has indicated whether the data 
source is available or not via EFSA Library resources.  
This is clearly marked in the Endnote files. In the lists of references under the heading ―Label‖, the 
relevant files are labelled available.  
Table 6:   B. caryophylli references after removing duplicates and non-relevant studies 
Database  Search 
date 
Number of References                                                                          
Primary 
references 
  
Occurrence  Impact  Control  Environment 
CAB Abstracts 
and Biosis 
Previews 
30/03/2012  59 
 
13  6  19  9 
Additional Web 
of Science  
20/04/2012         27  2  2  14  4 
Combined 
Totals 
  86  15  8  35  13 
 
 N.B: Duplicates also appear after deduplicating during the Ovid searches, because of small differences in the way the 
references are entered or presented. These were either removed by the EndNote programme, or manually eliminated.  Appendix C: Extensive literature search Burkholderia caryophylli   
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Table 7:    Number of Relevant and Not Relevant references 
CAB Abstracts, Ovid 
and Web of Science  
 Occurrence  Impact  Control  Environment 
Relevant  15  8  35  13 
Not relevant  3  0  11  13 
See explanation and notes in section 4.1 
4.2 Search of additional non-abstracted or ―grey‖ literature. 
Additional information that was considered potentially useful to the production of a PRA, and was not 
available as primary data in peer- reviewed journals, has also been searched. This additional data has 
been provided to EFSA in appropriate files. 
 
National Plant Protection Organisations collect and hold document information on pests and diseases, 
particularly those of quarantine significance to the country or region. RPPO (Regional) and NPPO 
(National) websites were therefore examined, including:- NAPPO / APHIS for North America / USA; 
Biosecurity New Zealand and the Australian Quarantine and Inspection Service (AQIS) as well as 
other RPPO sites.  The quality of information and accessibility was markedly variable. No relevant 
information has been found (see Table 8 below).  
Table 8:   Results from NPPO searches 
Plant Protection Organisation 
or similar 
Search results April 2012 
Europe and Mediterranean 
Plant Protection Service 
(OEPP/EPPO)  
 
No relevant information found 
North American Plant 
Protection Association 
(NAPPO) 
No relevant information found 
Australian Quarantine and 
Inspection Service (AQIS) 
No relevant information found 
Pacific Plant Protection 
Organisation (PPPO) 
No relevant information found 
Biosecurity New Zealand  No relevant information found 
   
 
Data stored on the EPPO Reporting Service has also been examined. Five entries were found and these 
have been provided in an excel spreadsheet. On examination only one seems to be relevant to this 
literature search. 
 
A search of the EU database EUROPHYT CIRCA led to the discovery of one document relating to 
Q1. Presence. This has been provided as a pdf. 
 
The NTIS Bibliographic Database and Sigle, the System for Information on Grey Literature in Europe, 
also known as OpenGrey, were also examined. No relevant information was found. 
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ANNEX  
 
A. Ovid search terms and outputs 
 
Search carried out on 24/4/2012. Databases examined: BIOSIS Previews <1985 to 2012 Week 06>, 
CAB Abstracts <1973 to 2012 Week 02>.  
   
1. caryophylli.mp. [mp=ab, ti, ot, bt, hw] 
2. (burkholderia adj caryophylli*).mp. [mp=ab, ti, ot, bt, hw] 
3. (pseudomonas adj caryophylli*).mp. [mp=ab, ti, ot, bt, hw] 
4. (carnation adj bacterial adj wilt*).mp. [mp=ab, ti, ot, bt, hw] 
5. 1 or 2 or 3 or 4 
6. remove duplicates from 5 
7. 6 and (((((disease or symptom* or damage or economic or impact or yield or yield) adj loss) or 
crop) adj yield) or quality or impact* or bioeconomic* or agrieconomic* or agroeconomic* or value or 
income or loss*).mp. [mp=ab, ti, ot, bt, hw] 
8. 6 and (european union countries/ or austria/ or belgium/ or bulgaria/ or cyprus/ or czech republic/ or 
denmark/ or estonia/ or finland/ or france/ or germany/ or greece/ or hungary/ or irish republic/ or 
italy/ or latvia/ or lithuania/ or luxembourg/ or malta/ or netherlands/ or poland/ or portugal/ or 
romania/ or slovakia/ or slovenia/ or spain/ or sweden/ or exp uk/ or european union/ or england/ or 
scotland/ or wales/ or northern ireland/ or republic of ireland/ or eire/ or russia/ or ussr/ or soviet 
union/ or czechoslovakia/ or yugoslavia/ or great britain/ or british isles/ or balkan/ or baltic/ or 
mediterranean/ or scandinavia/ or european community/ or palearctic/ or palaearctic*.mp.) [mp=ab, ti, 
ot, bt, hw] 
9. 6 and (((((((((europe/ or occurrence/ or distribution/ or presence/ or spread/ or geograph*/ or 
biogeograph*/ or zoogeograph*/ or phytosanit*/ or introduc*/ or first.mp.) adj report/) or first.mp.) adj 
descrip*/) or first.mp.) adj discover*/) or first.mp.) adj notif*/) or outbreak/ or prevalence*.mp.) 
[mp=ab, ti, ot, bt, hw] 
10. 6 and (((((Wilt or crack or disease or symptom* or damage or economic or impact or yield or 
yield) adj loss) or crop) adj yield) or quality or impact* or bioeconomic* or agrieconomic* or 
agroeconomic* or value or income or loss*).mp. [mp=ab, ti, ot, bt, hw] 
11. 6 and (antibiotic or antimicrobial or disinfectant or hygiene or certifi* or pesticid*or humidity or 
management or control or fumiga* or fungicid* or removal or spraying or controlled*).mp. [mp=ab, ti, 
ot, bt, hw] 
12. 6 and (((environment* or impact or reporting or management or management) adj effect) or 
bioeconomic* or agrieconomic* or agroeconomic or Ecolog*).mp. [mp=ab, ti, ot, bt, hw] 
13. ((carnation or dianthus) adj bacterial adj stem adj crack).mp. [mp=ab, ti, ot, bt, hw] 
14. (bacterial adj stem adj crack).mp. [mp=ab, ti, ot, bt, hw] 
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B. Web of Science search terms outputs 
Search  carried  out  on  24/4/2012.  DocType=All  document  types;  Language=All  languages; 
Lemmatization=On 
Databases examined=SCI-EXPANDED, SSCI, A&HCI, CPCI-S Timespan=All Years 
 
1 Topic=(caryophylli) 
2 Topic=(burkholderia near caryophylli*) 
3 Topic=(pseudomonas near caryophylli*)  
4 Topic=(carnation near bacterial near wilt*) 
5 = 4 OR 3 OR 2 OR 1 
 
 